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Abstract 

The goal of Informal ion Relrieval has been 10 reduce human language complexilies and as a 

resull serve users in Ihe moSI efJicienl way. The decisive 1001 in achieving such end is Ihe 

Natural language Processing (NLP). NLP has many componenls in serving such purpose. 

Parsing is one of such componenls in NL P in improving precision and recallll'hich is Ihe 

goal of Informal ion Relrieval Syslems. Moreo ver, parsing is also used in Ihe e{forl lowards 

machine Iranslalion which is one oflhe hearl of Nalural Language Processing. 

Today, dirferenl kinds of parsers have been developedjiJl' languages. lI 'hich hare relalively 

wider use nalionally and/or inlernaliona/ly since Ihe 1960.1. Un[orlunalely Gromo has nol 

captured Ihe advanlage of such .Iyslem being Ihe working language of Ihe Slale Governmenl 

of Gromiya, and one of Ihe major languages in Elhiopia and Aji-ica (Abebe 2002) lor Ihere 

are no syslems (parsers of any sarI) Ihal parse wril/en lexlS in Ihis language. This siudy is, 

Iherefore, an allempl 10 develop a simple aulomalic .lenIence parser for Oromo language. 

In Ihe sludy, Ihe chari algorilhm 11 '0.1 used lI'ilh some modi/iealion. A module (or 

mOlphological analyzer, which splils words inlo roOI form and Iheir wrresponding 

morpheme, was also developed in order 10 faeil ilale Ihe preparalion of lexls in a lile 10 be 

parsed wilh appropriale lexical calegories. In addilion, Ihe unsupervised learning algorilhm 

was designed 10 guide Ihe parser in predieling unknown and ambiguous words in a senlence. 

Grammar rules, lexicon, morphological rules and conlexlL((Jl in/ormalion were also designed 

on Ihe basis of Ihe review IIlCIde on Ihe lingllislic propel'lies oj' amII/o grumll1alical 

calegories. This syslem, infacI, is the/irsl in ils kind fiJI' this language. 

I I 



The study adopts an intelligent (Rule-Based+ learning Inodule) approach to develop a 

prototype. which is a simple Drama parser/or the language. 

The thesis. in short. describes pmcesses a/automated sentence parsing oj' Free Texts. That 

is, it is aimed at developing a prototype and conducting an experimel1l with it. The result 

obtained (95% on the training test and 885% on the test set) using the small manually 

parsed sentences encourage jiJrther research to be launched. especially with the aim oj' 

developing afi.lll~fledged Oromo sentence parser. 

I II 



Dedication 

This paper is dedicated to my mother, 
Shenkore Desta, who was unable to 
reap the fruit of her own. 

IV 



Table of Contents 

Chapter One 

INTRODUCTION ........................................................................... 1 
1.1 BACKGROUND OF THE STUDy ............................................................. 1 
1.2 Syntactic processing (Parsing) .............. ..... ......................... ............... .... ........ 4 

1.3 Statement of the Problem and Its Justification ....................................... 7 

1.4 Objective of the Study ....... ............... ............................................. 8 

1.5 Methodology .............................................................................. 9 

1.5.1 Literature Review ............................................... .......... ......... 9 

1.5.2 Discussion with Experts ........................................................ 10 

1.5.3 Deve lopment of the Parser ........ ............................................. 10 

1.5.4 Testing Technique .............................................................. 11 

1.6 Application of Results and Beneficiaries ............................................ 11 

1. 7 Scope of the study ..................................................................... 12 

1.8 Limitations of the study ................................................................ 12 

1. 9 Organization of the Thesis ............................................................ 13 

CHAPTER TWO 
Automatic Sentence Parsing (ASP) .................................... 15 

2.1 Introduction .... .. ....................................................................... 15 

2.2 Approaches to Automatic sentence parsing ........................................ 17 

2.2. 1 Stochastic Approach to Automatic Sentence Parser (ASP) ..........•..... 17 

2.2.2 Rule-Based approach to ASP .................................................. 19 

2.2 .3 Top-(Jown parsing ............................... .... .. ........................... ................ 22 

2.2.4 Bottom-up Parsing ........................ .... .................................... 24 

Chart Parsers ............................ ........................... .. ... .. ... ......... 26 



2.2.5 Comparison of Stochastic and Rule-Based Approaches (s imilarit ies and 

difference) ............................................. . ................................ 31 

2.2.6 The knowledge requ ired by the pa rser ...................................... 32 

Word Dictionary (lexicon) ............................................................ 32 

THE GRAMMAR RULE ........................................... ... ........ .............. 33 
Grammar Conventions ... .......................... ... ..... ......................... .. ... .... .......... 33 

2.7 Learning Modules ...................................................................... 34 

2.7 STEPS IN ASP ........................................................................... 34 

CHAPTER THREE 
Oromo Phrase Structures .................................................... 36 
3.1 I ntroduction ................... ...... .... ...... .... ........................................................ 36 

3.2 The Dromo Alphabet and W ri ting System .......................................... 37 

3.3 Punctuation Marks in Dromo ........................................................ 37 

3.4 Word Categories in Dromo ........................................................... 38 

3.4.1 Categories of Nouns ........................................................... 39 

3.4.2 Categories of Verbs ............................................................ 42 

3.4.3 Categories of Adverbs .......................................... .. ............. 43 

3.4.4 Adpositions in Dromo .... ....................................... . ............. .44 

3.4.5 Conjunctions in Dromo ........................................................ 45 

3.4 .6 Numerals ........................................................................ 45 

3.4.7 Interjections ..................................................................... 46 

3.5 PHRASAL CATEGORIES .................................................................. 47 
3.5.1 A PHRASE ............................................................................. 47 
3 .6 NOUN PHRASES ........................................................................ 48 
3.7 Verb Phrases ........................................................................... 54 

3.8 Adjecti ve Phrase ....................................................................... 54 

3.9 Adverb Phrase ......................................................................... 55 

3.10 Adpositiona l Phrase ................. . ................... ... ....... ........ ........ . .. 55 

II 



3.11 Sentences ................ . .... ...................................................... .. 55 

3.12 Summary .......•.....•.....••.....•.............................. •....... . .. ......... . 58 

CHAPTER FOUR 
Data Preparation for Parsing ... ............... ................. .... 60 
4.1 Introduction ..•.......••...•.... .. ............... .. .............. . ........ •.... . .... .. ... 60 

4.2 Knowledge Acquisition ........... . ................................... ................. 60 

4.3 Appearance of lexical and Phrasal categories •...••..••.••.•......•••.•... •.....•• 61 

4.4 Pars ing of Noun Phrases ...•....... . .......•.........•...•..•..•.....•••.•....... ..• • 63 

4 .5 Parsing of Verb Phrase .............................................................. 66 

4.6 Parsing for Adjective Phrases ............. .............................. . . ........ . 70 

4.7 Pars ing Adpositional Phrases and their Problems ....•........•......•..•..•..••.• 73 

4.8 Parsing of Adverb Phrases ........................................................... 76 

4.9 Problems with Compound Words in a phrase .............. . ........ . ... . .. ...• .... 78 

4.10 Parsing of Conjunctions ..• .. .....••...............• •. ..•.. .. .................•.•.... 79 

4.11 Parsing of Numerals .. . ....•..•... ..•... .. . ..•...••..•... •.... •..•..•.........•..•... 81 

4.12 Parsing for Interjections ........•..•.......•..•....•...............•........ ....•...•• 83 

4.13 Parsing of Punctuation ....................... . ............ . ......... ......... ........ 83 

4.14 Summary •...•.••.....•. •...•..•..•.••..•.••.•...••..•...•..•..•.•..•..•...•........... 83 

CHAPTER FIVE 

Sentence parsing Algorithm and the Experiment ............. 85 

5.1 Introduction •...••......•..•...•..•........•.•.........•......•....•.......• . ............ 85 

5.2 The Sample text and the Manual parsing Process ......•....... . ...•............. 85 

5.3 Preparing the Sample Data for the Experiment. .......•..•.......•.•••.•.......... 86 

5.4 Evaluation Proced ures ......•..•. . .. •..........• •..................................... 86 

5.5 Lexicon Preparation and Component Building ...................... •...•. •••..•.•. 88 

111 



5.5.1 The Lexicon ............................................ ........... .. .......... . . 88 

5.5.2 Grammar Rules ..•..•...••.•.........................•..•.••.•..••..•...•..•.... 90 

5.5.3 Affix List .......................................................................... 92 

5.6 Database Design •...•..........................••...•..•........ . ....................•. 92 

5.7 Parsing Algorithms ...................... . .. ............... ............................. 95 

5.7.1 The Sentence Extraction Algorithm ......•.•...•.....•..•.•.............. •... 95 

5.7.2 The word Extraction Algorithm .................................................. 4 

5.7.3 The Chart Algorithm ............ . ............................................ ..... 5 

5.7.4 Morphological analyzer algorithm ........ .... .................... .............. 9 

5.7.5 The Tree construction and Extraction algorithm ............... . ............ 1 0 

5.8 The Interface Designed .... . ........................ .................................. 97 

5.9 The Experiment ........................................................................ 99 

5.9.1 Experiment on the Training Se!. ............... ........................ ....... 99 

5.9.2 Experiment on the Test Set ........................... ... .......... . ........ 1 00 

5.9 .3 Result of the Experimellt ................................ .. .................. 100 

5.9.4 Resu lt on the Training Se!. ...... ......... .... ........................ ....... 1 00 

5.9.5 Result on the Test Set ..................................... .................. 1 01 

5.10 Discussion on the Error Ana lyses ............... ....... . . ........................ 102 

5.10.1 Dealing with Incorrectly Parsed words in a Phrase .............. . ........... 1 04 

5.11 Summary ............................................................................ 105 

CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS .................... 106 
6.1 Conclusions ........................................................................... 106 

6.2 Recommendations ................................................................... 109 

Bibliography .................................................... ................. ... 111 

IV 



Append ices .......................................... . ..... ............................ ........ 1 

Appendix A: The Sample Text ....................................................... . . .. ... 1 

Appendix B: Parsing algorithm .............................................................. 3 
Appendix C: An Algorithm for Ag reement Checker ................................ ...... 1 
Append ix D: Arc Add ition Algorithm ........................................................ ~ 

Appendix E: ARC INTRODUCTION ALGORITHM ....................................... ~ 

Append ix F: ALGORITHM FOR CREATING CONNECTION BETWEEN THE CODE 
AND DATABASE . ...•.. .................. . . ...........•................................ 1Q 

Appendix G: A SIMPLE MORPHOLOGICAL ANALYZER ALGORITHM ............ 1Q 

v 



LIST OF TABLES AND FIGURES 

TABLES 

Table 4. 1: Attribute and attribute values of nouns in 01'01110 ........ . . . .... . .. .... 63 

Table 4.2: Attributes and values of attributes for verbs ......................... . . ........................... 68 

Table 4.3: Attributes and values of attributes fo r adject ives ....................... ................. .. . .. 72 

Table 5. I Parsing result before l11aking no error correction............ .. ........... ........... ........... 100 

Table 5.2 Final parsing result on the training set after hUl11 anl11ade errors are corrected ..... .... 101 

Table 5.3: Parsing result on the test data. i.e. TestSet.. ................... ...................... .. .. . .......... 101 

Figures 

Figure 5. I: sample Lexicon in knowledge base .... ............................ . ... ........ ... ....... .. ...... 89 
Figure 5.2 DafaDicfionary and GrammarRule ciafahase schema .................. 92 
Figure 5.3: Senrence Parser fable desigl75 .................................................................... . .... 93 

VI 



Abbreviations and Symbols Used 
Symbols 

{ } What is inside is an affix 

( 1 inside is a phrase 

The Translation for Oromo into Eng li sh 

Abbreviations 

Neg. Negative 
D. Determiners 
3rd. 3"1 person 
Sg. Singular 
PI. Plural 
M. Masculine 
F Feminine 
N Noun in all form s 
NP a noun phrase 
V Ve rb in all forms except auxiliary, compound and al l fo rms of aux ili ary and 

CONJ 
AUX 
VI' 
AD] 
AD]P 
P 
PP 
ADV 
ADVP 
OromoText 

compound verbs 

co nj unct ion in any fo rm 
Aux il iary verbs and all the ir other forms 
a verb phrase 
An adjective 
an Adjective Phrase 
A adposi tion 
a adpositionai phrase 
An adverb 
an ad verb phrase 

ManuParsedText 
The original Oromo text 
Manually parsed tex t 
Tra ining set TrainingSet 

TestSet 
Parsedb 
NUM 
GEN 
T EN 

Test set 
Parse database 
Number 
Ge nder 
Tense 

V II 



1.1 Background of the Study 

Chapter One 

Introduction 

The purpose of an information retrieval system is to lind the most relevant materia ls for the 

user while it reduces the least relevant ones from the available co llecti on. The abili ty of such 

system to accomplish this ach ievement can be eva luated using prec ision and it s reca ll 

(Salton and Michael 1983 ; Salton 1989; Brants 199 7). It is usuall y viewed as a propos ition. 

Any automatic information retri eval system has uncertain blocks (i.e. it does not know what 

to come in from users queries), particularly since they must deal with the complex ities of 

human language. I-hunan languages pose all kinds of complex ities that are hard to resolve 

without resorting to the actual meaning of a word. Ambiguity is ubiqu itous unless the system 

can bring not onl y the knowledge gained from the context of the text, but also the knowledge 

of the real world that people ca rry with them (Corpus 200 I). 

Moreover. users are looking fo r an accurate answer, or a good answer. but not for all the 

possible right or good answers. Most researches in information retrieval report that 

information retrieval systems rarely retrieve more than 20% of the possibly relevant 

materials in the database (Feldman 1999; Mao 1997). Therefore, one can extremely be 

interested in any new technologies that can bring precision and reca ll to a logical level at the 

same time. This is where Natural Language Process ing research comes into being. Such 

research strives to find how best user can exploit information ·retri eval system to get 



information they requested rrom the system. Moreover. such research may reduce human 

language complex ities in in format ion retrieval systems. 

As Feldman (1999) says Natural Language Processing (N LP) research pursues the elusive 

question of how the meaning of a sentence or a document can best be understood. Words 

like nouns, verbs, adjecti ves and adverbs- are the building blocks of meaning of a sentence. 

Thus, the understanding of these words and capturi ng their re lationsh ip to each other wi thin 

the structure of a sentence, within a document , and within the context of what one already 

knows abo ut the world is crucia l. It is because these words convey the true meaning of a 

text. 

Furthermore, NLP assumes that if one can define those patterns (the patterns of those 

building blocks in the structure of a sentence) and describe them to a computer, then it may 

be poss ible to teach a machine something that the computer can communicate to each other. 

Much of this work is based on research in Linguisti cs, Computationa l Lingui stics. Com puter 

Science and Cognitive Science (Dostert and Thompson 1976; Allen 1995; Me rl o 1996: 

Feldman 1999). For example, as Volk (1988) states. an important goal of Computational 

Linguistics has been to use linguistic theo ry to direct the implementati on or efficient NLP 

systems. 

However, one of the greatest challenges for NLP systems is to di still a sentence down to an 

absolutely precise, unambiguous representation of its contents. If the prob lem of these 

form al representati ons of NLP can be understood and represented in a computer in 
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procedural terms, computer systems have the ability to generate and interpret natural 

language. These formal representations must be unambiguous and contai n not onl y the 

words and their meaning in a sentence, but the structure or that sentence as we ll. 

If the struct ure of a sentence is very important in NLP. an appropriate representati on of thi s 

component of the language is of paramount. Winsto n and Henry (1984 :293) argue that good 

representat ion is the key to success in language understanding. Furthering the argument, they 

say that the most commonly used representation in language understanding is the syntactic 

processing (parsing). As Rich and kn ight (199 1) state, the formal representation of Natural 

language process ing consists of three components-source language (in this paper Oromo). 

target representation (the output of the system deve loped). together with a mapping (Parser) 

process between elements of these component s. 

There are a number of works carri ed out on this area in di fferent languages including 

English. The main purpose of all these works are to enab le computers understand human 

languages (Warner 1987). However, as far as the knowledge of th is paper is concerned, there 

is no research work done so far on anyone of the Ethiopian languages. including Oromo, the 

concern of the present paper. Thus, thi s paper has taken the opportunity (o f carryi ng out a 

research as parti al fulfillm ent of the program) to shade li gh t on syntacti c process ing. 



1.2 Syntactic processing (Parsing) 

Syntactic process ing (Parsing, now on wards) is the step in which a flat input sentence is 

converted into a hierarchical structure that corresponds to the units of meaning in a sentence. 

Volk (1988:6) expl ai ns syntactic parsing as "partial functions that map features to atomic 

features values or to syntacti c categori es". Broadly speaking, parsing is the delinearization 

of linguistic input. i.e. the use of syntax to determi ne the funct ions of words in the input 

sentence in order to generate a clata structure that can be used to get at the meaning of the 

sentence (Winston and Henry 1984; Harris 1992). 

The syntactic structure of a sentence indicates the way that words in the sentence are related 

to each other. The major objective of this phase is to transform the potentially ambiguous 

input phrase into unambiguous forms. 

Parsing plays an important rol e in many Natu ral Language (NL) understanding systems for 

the following reasons: Sentence parsing (e .g. syntactic or semantic) is a task of NLP. It is 

used in solving basic problems (such as language comprehension ancl production work) that 

most NLP applications face (Mao. 1997). The fi rs t use of parsing is that semantic processing 

operates on sentence constituents. If there is no syntactic parsing step, then the semantics 

system must decide on its own constituents. If parsing is done , however. it contains the 

number of const ituents that semantic can consider. It is reported that syntacti c parsing is 

computational ly less expensive than is semanti c process ing which may req uire substantial 

inferences (A llen 1995 ; Elaine 1983; Elai ne and Knight 1991 ; Gri shman 1984; 1986). Thus, 

syntactic parsing can playa significant ro le in reducing overa ll system complexity. 
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Second it is not always poss ible to extract the meaning of a sen tence without using 

grammatical facts. Grammatical facts are the cornerstone in understanding syntactic 

processing wh ich will later be developed into semantic processing. Thus , parsing fills thi s 

gap and makes latter semantic representation easier. Furthermore, parsing regularizes the 

syntactic structure that subsequent processing (i. e. semanti c analysis) can be simplified if 

one maps the large number of possible input structures into a smaller number of structures 

(Stuart and Norvig. 1995; Grishman, 1984; 1986). 

In the development of parsers for syntactic analysis. it is a standard practice to posit two 

working level s: the grammars and the algorithm, which produce the analysis of the sentence 

by using the grammar as the source of syntactic knowledge. Parsers that can use grammars 

directly are more likely to have wide coverage, and be valid to many languages, and they 

also consti tute the most economica l model of the human ability to put knowledge of 

language to use (Berwick and Weinberg 1984; 1989). Therefore, the postulation of a direct 

correspondence between the parser and theories of grammar is usually assumed as a starting 

point of investigat ion (Dostert and Thompson 1976; Merlo 1996). 

By making the assumption that there exists a relation between grammar and parser, the 

study of Natural Language Processing (NLP) can pursue engineering and cognitive goals at 

the same time, since the human processor is a very efficient parser, and hence a good, and 

possibly enlightening model. On the other hand, engineering endeavors to so lve the parsing 

problem as efficiently as possible. Thi s will cast light on the stud y of cognition in the 

computational paradigm (Merlo 1996). As many researchers report. parsing system is also 
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useful in works related to Machine translation (Mao. 1997; Ri ch and Kni ght. 199 1; A ll en, 

1995). Especial ly, the increasing use o f Internet in thi s in formation age makes machine 

translation a press ing need. Thi s is mainl y attributed to the fac t that majo rity of people. 

especially those in Ethiopia having their own nati ve language at each reg ion , cannot make 

use of the huge information available on the Internet unless translated to local languages fo r 

they are una ware and/or far from foreign languages. 

Today there are a lot of parsing systems developed for various languages of the world 

starting from the early 1960s, including Engli sh (Dostert and Thompson 1976). The first of 

thi s kind is Earley's parser. Thi s parser is considered as the first efficient chart parser for 

Engli sh language. From then on wards, there have been a lot of attempts to develop such 

Automatic Sentence Parsing (AS P) to the languages in the world. As Oromo is one of such 

languages- that should have an automatic sentence parse r, as far as the knowledge of the 

current paper is concerned, there is no such kind of system developed so far for the 

language. Thus the development of such an automatic system is of some importance. Hence. 

thi s paper addresses thi s problem and tries to deve lop an automati c sentence pa rser for the 

language and shades lights fo r furthe r works in thi s area . 

Some of the research works that were cons idered so far are stemming by Wakshum (2000) 

and Text to Speech by Morka (200 I) for Oromo, but no one cons idered sentence parsing as 

far as my knowledge is concerned. Hence, parsing the language's text using an automatic 

parsing is of paramount to the language. As far as other Ethiopian languages are concerned, 

Abi yot (2000) and Mesfin (200 I) ha ve worked on Amhari c word parser and part of speech 
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tagging (POST) respecti ve ly. Considering their importance, these works are reviewed in thi s 

research wo rk. 

1.3 Statement of the Problem and Its Justification 

As indicated ea rl ier. Parsing systems are usefu l in many areas of NLP fo r Oromo. Moreover. 

parsing is the step toward the process of semantic representati on. Thus, the development of 

automati c parsing technique would help the later deve lopment of such systems as semantic 

parsers, spe ll checker, machine translation, text extracti on, and other important components 

in the language, Ommo. The absence of syntactic parser in Oromo lim its. if not completely 

hinders, later efforts of making compute r understand Oromo. Hence, thi s paper will try to fill 

such gap in the language . 

[n additi on, the deve lopment o f automatic sentence parse r [or Or0 l11 0 wi ll avo id the large 

amount of time wasted to manuall y process sentences in the language to show its syntacti c 

structure. The current Pars ing system deve loped fo r th is language is a lso used as component 

in many other applications. These include phrase recogniti on , grammat ical fu nction 

assignment, recogni tion in message ex tracti on systems, and generation of intonat ion in 

speech producti on systems and many others (Mao, 1997). As a result, Oromo will benefi t a 

lot from the development of automati c parser. 

The output of this resea rch may also be used in language teaching of the sentences and in 

identi fy ing ph rase catego ri es of the language. the member of each catego ry and the 

relati onships that hold between catego ries . [n this rega rd. the lingu istic structure of sentences 
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in the language can be di scovered easi ly if a parser is de ve loped for the language. The 

lex ical categories information is obtained using the automatic parser as a component which 

facil itates higher levels of analys is such as noun phrase recognition, semantic and others. 

Thus, the current system, not only facilitates teaching but covers the shortage of hUl11an 

power in the area of 01'01110 language, i I' customi zed and expanded. 

The parser is also useful fo r ex tract ing meaning from a sentence and check ing the we ll 

formed-ness of a sentence, which is useful in a number of appl ications (such as language 

teaching). All these benefits of the system necess itate the de velopment of automat ic parser 

for Orol110 to reap the fru it. 

1.4 Objective of the Study 

The general objective of th is research is to explore techniques and design an automat ic 

sentence parser for Oromo Language. 

In line with the general objecti ves, the research is ai med at dealing with the following 

specific obj ecti ves . 

~ Review the basic word categori es, phrase structure (sentence as spec ial Phrase 

structure) of Orol110 language with the alln of investi gating patterns that allow 

computer representation, 

r Study the type of lexicon required for Oromo Parser and designs the appropriate 

Knowledge base fo r the parse r. 

" Review techniques of parsi ng adopted for other languages. 
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'r Study the grammar of the language and represent it in a computer. 

:>- Select and customize a parsing algo rithm which best fit for Oromo language and 

develop a prototype for the language, and 

" Test the prototype for the parse r to measure its performance. 

1.5 Methodology 

The following sections reviews the methodologies employed in designing the current parser. 

These methodologies include literature review in the area of both grammar and algorithms 

used, personal di scuss ion made with people in the area. 

1.5.1 Literature Review 

Developing an automatic parser reqUIres one to investi gate and identify the property of 

Oromo words and sentences that are useful for the parser by making a research on the 

language in general. But, th is approach might be costl y and can take also long time. Thus. an 

alternative approach was used in investi gating and identifying the properti es of the language. 

To thi s end. output of other research done in the area of lex ical, morphological and other 

properties of the Oromo language was reviewed and used. Bes ides thi s. literature in the area 

of parsing in particular and computational linguistics in general (e.g. algorithms and data 

structures used) was reviewed to better understand how a language wo rks. Thus, the an 

Intelligent (hybrid of Rule-based and supervised learning) System approach to parsing was 

selected for the reasons indicated in chapter two, with the integration of supervised learning 
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algori thm to develop an intell igent system that learns and pred icts when new facts are 

encountered. 

1.5.2 Discussion with Experts 

Discussion with my lingui stic adv iso r, espec iall y with lingui sts, was made to refine the 

lexicon knowledge base and the parser deve loped with the aim to achieve the most effi cient 

parser. The researcher al so consulted these lingui sts for the well fo rmed-ness of sentences in 

Oromo and about the correctness of the parser. These li nguists include both native and non­

na tive Oromo speakers. 

1.5.3 Development of the Parser 

Based on the analysis of the Oromo language, a parsing algo rithm was developed . The 

deve loped system was crosschecked with the lingui sts and an iterati ve im provement was 

carri ed out on the system. In design ing the lex icon, consideration was given to the linguistic 

elements. the size and quality of the lex icon. The lexicon knowledge base was deve loped 

based on the rul e of the language. Moreove r. the entire lexicon incl uded in the knowledge 

base was selected based on the s ix criteri a suggested in (Samarin 1967; Lehmann 1973 and 

Biber et al 1998)1 from the book enti tled "Galmee .I echootaa Oromo" ( 1996). 

Visual Basic programmll1g env ironme nt was used to de velop the prototype. This 

programming language is selected fo r the various feat ures it provides. One of the reasons is 

that the language can eas il y be manip ul ated to code the algorithm. 

I See Chapter five for deta il ed diclIsssion oflhese criteria. 
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1.5.4 Testing Technique 

T wo types of data sets were used during the experimentation: tra ining set and test set. The 

training set was used to train the system. The prototype deve loped was tested us ing se lected 

Oromo sentences from a handout of the course in Oromo Syntax (ELOm 302). A scholar 

then we nt through the output and correcti on was made to any erro neously pa rsed wo rds. 

Based on thi s, the algorithm was re fined and tested iterati ve ly (twe nty one ti mes). Several 

iterations of thi s (i.e . tests and modifi cation) were conducted un til the fina l algorithm is 

found to be effective. The iterative improvement was ceased when the system was seen to be 

no more improved. 

In the testi ng process attempt was made to chall enge the parser by creating some unusual ye t 

grammaticall y acceptable sentences with the aim to find the causes o f the pro blem and 

mak ing correcti ons as explained earli e r. Finally, a test set was used to measure the 

perfo rmance of the system. T he overa ll system efficiency was tested by cross check ing 

aga inst human (linguists) parser to see how much of the nodes in a sentence are correct ly 

identified. Test resul ts were al so reported in chapter fi ve. 

1.6 Application of Results and Beneficiaries 

Automatic sentence parser is use ful in many N LP systems. Researchers in the area of N LP 

of Oromo Language could ge t some advantage out or the ou tput of' this paper. Specifica ll y, 

researchers interested in area of phrase recogniti on, conceptual pars ing, mac hine translati on. 

spell checker, tex t summari zati on, etc are among the top bene fi ciari es. 
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Lingui sts and studen ts in the area of Oromo language could also apply the output or thi s 

research to parse Oromo sentences automatica ll y. The output can al so be used in language 

teach ing for recognition of phrasa l categories, and to see the re lationship between wo rds in a 

sentence. Moreover, those who are interested in generating the syntacti c structure can use it. 

1.7 Scope of the study 

The scope o f thi s is confi ned to deal ing with si mp le sentences ororomo Texts because of 

resource lim itations in terms o r time. cost and labor. Thus the current parse r parses sentences 

of simple types. It does not deal with complex sente nces which consist of c lauses as phrases 

in the sentences. Moreover, the paper does not dea l with complete feat ures o f the se lected 

type of sentences. 

1.8 Limitations of the study 

The parser shoul d have been trained and tested several times (at least ten folds) on different 

texts o[Oromo sentences to see its performa nce but because of time and strenuous nature o f 

grammatical data thi s was not poss ible. Moreover, shortage of enough resource in terms or 

lingu istic information and financial constraints on Oromo language was an acute prob lem 

during thi s work. 

The parser is developed purely based on an Inte ll igent (hybrid of Rule-based and supervised 

learning) System approach and tagger was not included which could have been used as a 

preprocesso r to the parser. Had there been a tagger which could be used as the input of the 

parser, the perfo rmance thi s parse r might have been better tha n thi s. 
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In this study, the parser developed was not designed for all types of sentences for a number 

of reasons. The reasons of such inabil ity could be attributed to the fo llowing points. 

I. Lack of enough informat ion on the grm11mar of the language tagged with its lexical 

category. 

2. Manually parsing and generating such quanti ti es of data is ve ry laborious, expensive and 

time consuming. 

3. Financial constrai nt to carry out such huge research 

4. Scope of the thesis, which is li mited to demonstrate the potent ial or An Inte lligent 

(hybrid of Rule-based and supervised learning) System approach to develop an 

automatic sentence parser for Oromo sentences. 

Apart from some limitations indi cated, the research has indicated the possibi li ty to deve lop 

an auto matic sentence parser for Oromo language. That is, it appears to be feas ib le te 

deve lop an efficient parser for Oromo language provided that enough training data is 

ava ilable. 

1.9 Organization of the Thesis 

The first chapter desc ri bes statement of the problem, objec ti ve and methodology used in the 

paper. Chapte r two presents what Automat ic Sentence Parser (ASP) is, approaches to 

automatic Sentence Parser, issues such as Grammar ru les, lexicon and a lea rn ing module for 

the parser and steps involved in ASP. 
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The third chapter di scusses in detail grammatical categories III Oromo language. The two 

sub categories of grammatical categories: phrasal and lexical categori es with most of thei r 

features are incl uded here. 

Chapter four presents the process of data preparat ion for the system to be developed and the 

manual parsing of Oromo language . It presents the lexicon and grammar rules preparation in 

the database based on the analysis of grammat ical catego ri es reviewed in Chapte r three. 

The lex icon designed, the algorithms used to develop the automatic sentence parser and the 

rules des igned to get the Lexicon and gram mar rules were treated in chapter five. The 

database des igned to hold the knowledge base, the evaluation procedures, and the 

experiments made and the resul ts achieved were also discussed in thi s chapter. 

Chapter six concludes the thesis presenting conclusions, recommendations and by indicating 

some di rections to future works. Appendices for thi s thes is are fo und separatel y in the 

Bibliographic Lab of the School of In fo rmation Studies for Afri ca [S ISAl. The appendices 

are not compiled with this thes is due to the requirement that the thesis is limited all in all to 

150 pages. These appendices provide additional information on some of the topics di scussed 

in the differen t parts of thi s thes is and are thus cOlllp il ed in the form of book let to be used 

together with this thes is. 
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CHAPTER TWO 

Automatic Sentence Parsing (ASP) 

2.1 Introduction 

Parsing, as defined by many people, is a procedure that explores various ways of combining 

grammatical rules to find a combination that generates a tree that could represent the 

structure of the input sentence . [n other words, it is the step in which a flat input sen tence is 

converted into a hierarchical structure that corresponds to the units of meaning in the 

sentence (Allen 1995; Elaine and Knight 1991; Norvig and Russell 1995 ; Mo lina 2002; 

Fernando 2002). The input string (or tokens) is passed to the parser token by token. For each 

token the parser cal ls the morphological analyzer, which segments words into roots and 

affixes according to the morphological rules of Oromo. Roots and affixes are stored in a 

lexicon, which consists of a set of records relating various types of linguistic information. 

The simplest structure, which can be built , is a parse tree, which simply records the rules and 

how they are matched. Every node of a parse tree corresponds either to an input word or to a 

non-terminal in the grammar (Al len 1995; Charniak 200 I). Each level in the parse tree 

corresponds to the application of one grammatica l rule. However, the fi nal terminal symbols 

are connected to the input word related to its lexical category. 

[n the fo llowing sentence: 

Tulluun saree ajjeese. [Tullu killed a dog] 

the process that takes th is sentence as input and produces the output of the following ki nd is 

called pars ing process. 

[Tulluu]N {-n} NOM-M RK[[saree JNP [ajjeese/JV P 
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T he symbols like N. NOM-M RK. NP and VI' are used to represent nouns Subject marke r. 

noun plu'ase and verb phrase respective ly, There are two ways in which the process of 

parsing sentences of such kind can be carri ed ou t: manual and auto matic. The manua l 

process is tiresome, prone to error and expensive, as the vo lume of information gets huge 

and complex. Thus, automati c sentence parsing avo ids such complex ities and plays 

important roles in natural language understand ing systems. 

Pa rs ing is a complex process because it deals with the in vestigat ion of computati ona l and 

psychological issues at the same time, Viewing parsing as putti ng a mental grammar to use 

has often imposed stringent requ irements on the fo rms of the grammars used . mostl y 

requiring that the gram mar proposed by the linguists be used di rectly. Were the study of 

grammars not viewed as the study of a mental system, there wo uld be no need to have a 

precise and motivated mapping between the grammar and the parser (Merlo 1996; Reyie and 

Rohrer 1988). 

As long as the parser recovers the same structura l descriptio ns that are ass igned by the 

grammar to the strings in the language. no other str icter re lation would be needed. The 

parser is subjec t to time/space constraint s, which are irrelevant to the grammar. and these are 

the only pressuring constraints to shape the architecture of the parser and the techniques 

(Dostert and Thompson 1976; Norvig and Russe ll 1995 ; Merl o 1996; Mao 1997). 
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2.2 Approaches to Automatic sentence parsing 

Sentence parsing requ ires explo ri ng a way in which that sentence could have been generated 

from the start symbol (usua ll y sentence written as'S') (Doskocs 1986: No rvig and Russe ll 

1995; A ll en 195; Elaine and Kni ght 199 1; Merlo 1996). A lot of in vesti gati ons have been 

made so far and still under way to ex plore such techniq ues that e ffici ently parse a sente nce. 

But the attempts made so far and the techniques di scovered so far to respond to thi s problem 

can be categori zed, in general, in two ways: Stochasti c versus Rule-based. 

2.2.1 Stochastic Approach to Automatic Sentence Parser 

(ASP) 

Stochastic-based parsers use probabi li ty (i.e, statisti cs) in analyzing the problem of parsing. 

The stochasti c approach is based on the ideas of Bayes (Netwo rk ) theorem, inde pendent 

events and the Markov assumption in sentence parsing. Thus, the approach uses these ideas 

to determine the most li kely lex ical sequence of each word in a given sentence. T here are 

two sub approaches in stochastic approach: supervised and unsupervised parsers based on 

the type o f data they use to parse a given sentence. 

There are two important informati on in a supervised stochastic parse r. A lexicon2 is the core 

component that lists each word with the entire possible lexica l category for eac h wo rd with 

its respective estimate of lexical probabilities3
, The di ctionary and the lex ical generati on 

2 A lexicon is a li nguists term for dictionary 
J Lexical probability is the probability ora word to have a particular label and is usually denoted by 
p([ wordJlexical category). 
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probabili ties can be stored in either the same or different databases. The presence of such 

dictionary with/and lexical probabil ities provide information on the possible lexical category 

of each wo rd . 

Another important informati on for supervised stochastic parser is a li st of contextua l 

probabilities for each lexical category. Such li st or contextua l probabilities. like lexical 

probabilities, is a table of statistics that provides contextual information. It indicates the 

particular lexical category that is appropriate for a particular context. For deta iled treatment 

of th is topic reader can consult Allen (1995). 

One problem in developing supervi sed parsers is the lack of manually or automatically 

parsed text (corpora). This is mainly because of the fact that man ual parsing is expensive and 

time consuming. Another problem associated with supervised parsers is that there is a need 

to manual ly parse each time the parser is applied to a new text (Bri ll 1996). But if pre­

tagged corpora are easily available, the Hidden Markov Model (HMM) approach in 

parti cular and stochastic parsers in general can be adopted in new languages with little 

effort. 

On the other hand, parsers developed uSlllg unsupervised stochastic technique does not 

requIre any pre-tagged4 text in the training process. The supervised and unsupervised 

approaches in stochastic parsers share some similarities. These are: 

.j See Mesfin (2001) for the disc lission of taggi ng 
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• Both of them assume the same underlyi ng assumption ca lled Hidden Markov Model 

(HMM) 

• They use a large dictionary (that lists al l poss ible lexical category for each entry) and 

inflectional information to determine the possible lexical category for words in a corpora 

• Both of them involve calculat ion of parsers accuracy to improve performance and get 

better results. 

• In both cases disambiguation can be achieved uSing stati stical. hybrid or rule based 

approaches. 

However, the unsupervised stochastic parser has some unique feat ures that make it di ffer 

from the supervised one. 

• Pre-processed corpus is not necessary during the learning processes. That is training is 

on an unparsed or fresh tex t. 

• Training is more diffi cult for the set of state transitions used to generate the training 

corpus are not visible 

• They use different algorithms called Baum- Welch algorithm while the supervised ones 

use the Viterbi algorithm. 

2.2.2 Rule-Based approach to ASP 

The Rule-based approach doesn ' t make any use of probabil ities (or statistics) to parse a 

sentence. It is entirely based on the information frolll the knowledge base and some kind of 

learning technique, if any. to hand le ambiguity and guess unknown words. 
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As Mao (1997) reports, Rule-Based system lea rns a set of rules automatica ll y based on a 

given tokens (st rings) and then parses sente nces followi ng these rules . Ru le-Based parser 

consists of di ffe rent components in the process of parsing a sente nce. 

The maj or component of any parser is the grammar rules (sometimes ca ll ed Rewri te rul es, 

production rules). These are the ru les that the parser consults every time it starts parsing a 

sentence . The grammar rul es can be considered as a fri endl y guider to the system on what 

acti on should be and sho ul d not be taken. They are important for the parser to assign 

appropriate grammati cal categori es for each consti tuent; in a sentence. Therefore, the 

inclusion of such ru les in the knowledge base of the parse r to be deve loped is inevitable. 

A lex icon (o r di ct ionary) is another major component of rule-based pa rser. A pa rser requires 

a lex icon, whi ch are li sts of all the grammati cal catego ries of wo rds and phrases used in 

parsi ng process. It prov ides di stinct cod ing for all classes o f wo rds hav ing distinct 

grammatical behavior. The lexicon is important because as soon as the parser receives the 

input tokens (strings), it refers to thi s dic ti onary to parse the sentence into a syntacti c tree 

st ructure. The lexicon conta ins a list of a ll possible lexica l catego ries that the word can be 

ass igned. For example, the wo rd can in Engli sh has the fo llowing poss ible lex ica l categories . 

Can N v MD Where N= No un V= Verb and MD=Moda l 

In the sentence can/Modal we/Pronoun can/Verb the/Determi ner can/Noun, for instance , the 

wo rd Can has all the three lex ical categori es mentioned. These are indicated in the sentence 

; Constituents a re elements or member of a sentence that make a sentence, or a phrase or parts of 
it fo r that matter. 
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by attaching a front slash after each appearance of the word can (to serve as a separator) and 

fo llowing it by the grammatical categori es that can have at the different posi tions in the 

sentence. Thus, the wo rd can in the lex icon must be stored in such a way that the dictionary 

prov ides all such lexical information . 

Morphological rules are also useful components in rule-based approach. The morpho logical 

ru les provide informat ion useful to treat words that are not in the lex icon of the parser. In 

other words, such rules are useful to make reasonable guesses as to the grammatical 

categori es of unknown words. For instance, assuming the English word worked is not in the 

lexicon, thi s word wi ll morphologically be ana lyzed, i. e. using the lex ical rules. as work + ed 

and it will be parsed as VVD (an arbitra ry symbol for past tense of the lexical verb for thi s 

work). In line with these morpho logical ru les, there is also morphologica l analyzer which is 

used to strip of some affixes from a word to get the base forlll. The base form with the 

syntactic feature is then passed to the syntactic parser to assign its grammat ical categori es. 

Thus, it is possible to guess the lexical categories of unknown words based on the 

morphological information stored in the Knowledge base. In treating words that are 

un known during the pars ing process, some systems include ru les pertaining to capitalization 

and punctuation. These rules of capitalization and punctuati on are addi tional rules 

incorporated in such systems besides contextual and lex ical rul es. But. such information on 

capitalization and punctuation mayor may not be useful in the parsing process depending on 

the language be ing parsed. In German, for instance, in fo rmation about capita li zation proves 

to be extremely useful in the parsing of unknown nouns. In the Rule based approach there 
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are two ways in which parsing can be done. These are: Top-down and Bottom-up parsing 

techniques (Elaine and Knight 1991). 

2.2.3 Top-down parsing 

The top-down parsll1g begins with the start symbol (usuall y a sentence) and apply the 

grammar ru les fo rward un til the symbo ls at the termi nals of the tree correspond to the 

components of the sentence being parsed. Allen (1995) states that the state of the parse at 

any given time can be represented as a li st of symbols that are the resu lt of operations 

app lied so far , called the symbol li st. For example, the parser starts in the state (S), after 

applying the rule S -7 NP YP, the symbol li st wi ll be (NP YP). It then applies the rule NP 

-7 N ART; the symbol li st will be (N ART YP), and so on. 

The parser could recursively continue in this fas hion until it arri ves entirely at terminal 

symbol states, and then it could check the input sentence to see if it matched (A ll en 1995). 

The top-down parser makes a hypothesis about what it is looking for and to decide its next 

move. Hence, top-down parser is characteri zed by a sequence of goals to determine the 

remaining words. However, the bottom-up never makes such thing and it only checks rules 

to see if there is a legi timate way of putting together the words already in hand (A llen 1995 ; 

Merlo 1996; sh ieber et al 1995). Thus, such parser encounters problem with empty grammar 

rules. 
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Top-down parsing, when perfo rmed left to right. encounters trouble with ru les that exhibit 

leli recursion (Pritchett 1992: Marcus 1983). Left rec ursion arises when the fir st category on 

the RHS (Right Hand Side) of a rule is more general than the one on the LHS (Left Hand 

Side). Again, it is poss ible to transfo rm a left-recursive grammar into an equi valent one with 

no left-recursive ru les, and one that generates exactly the same set of strings (a lthough it wi ll 

not assign the same structures). 

Allen (1995) says top-down methods have the advantage of being highl y predi ct ive. A word 

might be ambiguous in iso lation. but if some of those grammatical categories cannot be used 

in a legal sentence, then these categories Illay neve r even be considered. 

However, it has a reduplication of effort. Consider the fo llowing sentence usi ng: 

Namichi saree ajjeese. [The man killed a dog.] 

The parser would rewrite (S) to (NP VP) 

Then rewrite (NP) to (N AD] VP) 

(N VP) 

(N ADJ VP) 

Thus, the top-down parser needed to check the word AD] twice. once for each ru le. Thi s 

reduplication of effort becomes a serious problem, and large consti tuents may be rebuil t 

again and aga in as they are used in different ru les. In contrast, the boltom-up parser only 

checks the input sentence once, and onl y builds each constituent exactl y once. 
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2.2.4 Bottom-up Parsing 

Bottom-up parsing begins with the sentence to be parsed and applies the grammar rules 

backward until a single tree whose terminals are the words of the sentence and whose top 

node is the start symbol (usuall y S, for sentence) has been produced (E laine and Knight 

199 1: 388). That is, it starts from each word and assign its grammatical category until it 

reaches the start symbol. 

The bottom-up parsll1g invo lves repeating the above operat ion, at each state , usi ng the 

sequence of highest-level labels as the new string to operate on The task of the parser wou ld 

now appear to be that of attempting to group words into their respective categories together 

in a manner permitted by the grammar. 

At this point, a dim parsing algorithm wi ll once again combine the initial NP and V into a 

sentence. However, when this fails to work out , it wil l eventually try something else and 

check if the sequence NP VP NP occurs as an RHS (it does not). then ifVP NP does (it does 

not) and, fina lly, whether the last NP can be subsumeclunder some other category (the parser 

have already checked this NP-as-RHS issue several times - the answer remains no). Again, 

the parser faces an impasse: assuming that the parse tree contains thi s VI' leads nowhere as it 

has seen by exhaustively checking all the possibili ties. So. it must backtrack still further. 

ridding itself of this VP hypothesis, as does so. After some further thrashing arouncl. the 

parser arrives at the foll owing configuration: 

S -7 NP VI' NP -7 N ART VP -7 NP V 
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For the sentence Namichi saree ajj eese. 

Given the implicit order of proceeding, the nex t thing to check is whether NP V occurs as an 

RHS. It does, in the shape of the other VI' rul e in Orol11o' s graml11ar ; that is. that wh ich 

allows VP to dominate NP followed by V. 

Returning to the start of the sentence, the parser checks (fo r the nth time) whether V can 

exhaust an RHS, and then checks if NP VP can. As previously, the answer to the latter 

question is yes, and so the parser can proceed to add S to the parse tree. 

This S. unlike the one the parser has found previously. spans the entire string, and so the 

parser has a success on its hands. The parsing strategy that the parser has been walked 

tlu'ough has, at last, found a parse. I r what is wanted is the lirst parse tree found and no 

others, then the parser can halt. I f, however, the parser is expected to fi nd al l the poss ible 

parsing of this string, then the parser will have to be let run a while longe r. It will not find 

any more in thi s case, since this string is unambiguous with respect to the Grammar Rule, 

but the parser only knows that it has found an S. It cannot know at thi s state that thi s is the 

only spanning S to be found. To establi sh that, it must continue in just the manner it has 

already seen. chas ing right to the end of every dead end until it has exhausted them all. But it 

would try the patience to follow it on thi s ti'uitless journey ' 
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What has been illustrated is a ki nd of bottom-up parsi ng, as the parse tree is built ['i'o m the 

bottom upwards. As the parser saw, bottom-up parsing involves searching through a space of 

alternatives, not all of which lead to a successfu l so lution . 

The basic observation to make abo ut the bottom-up parser is that it works from left to ri ght: 

it does everything it can wi th the first item before exploring what it can do with the nex t two 

items, and so on. That is the parser is bottom up, dri ven entirely by the data presented to it 

and bui ldi ng successive layers of syntacti c abstraction on the basis of data provided. 

Unfortunately, Allen (1995) says whether one chooses top-down or bottom-up to implement, 

the payback is prohibiti ve ly expensive, as the parser would tend to try the same matches 

again and again. Thus, duplicating much of its wo rk unnecessaril y. I-Ience , to avoid such 

reduplication problem there shou ld be a mechanism that allows parser to store resul ts of the 

matching it has done so far. Such technique is called chart-based parsing. Therefore. the 

combination both strategies can result in a better parser. A smal l variation in the bottom-up 

chart algorithm yields a technique that is pred ictive like the top-down approaches, yet avoids 

any reduplication of work as in the bottom-up approaches. 

Chart Parsers 

The chart is a data structure for re presenting partial resu lts of parsing process in such a way 

that they can be reused later on. The chart for an n-word sentence consists of n+ I vertices 

and a number of edges that connects vertices. The main idea behind th is technique is that the 
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essence of improving parsing efliciency. As indicated by Norvi g and Russe ll ( 1995:697). 

there are three points to keep in mind for effici ency consideratio n of chart pars ing: it is 

adv isable not to do twice what can be done once, not to do once what can be avo ided 

altogether and not to represent distincti ons that is not the concern of the study. 

Chart parsers maintain the records of al l the consti tuents derived from the sentence so fa r in 

the parse. T hat is, it stores intermediate result s. It also mainta ins the reco rd or rul es that have 

matched but are not completed. To be more specific, for example, once it is di scovered that 

Saree maraataan kaleechaa sun "the mad dog of yeste rday" is an N P ill the sente nce Saree 

maraataa n kaleechaa SUIl due, ''The mad dog of yesterday is dead", it is recommended to 

record that resul ts in a data structure known as a chart. Recordi ng of intermed iate results is a 

form of dynamic programming that avoids dupli cate work (Norvig and Russe ll 1995; Allen 

1995) . 

It can be observed from the ongoing scenarios that. chart-based techniques use a 

combination of top-down and bottom-up process ing in a way that means it ne ve r has to 

consider certa in constituents that cou ldn't lead to a com pl ete parse. (Thi s a lso means it can 

handle grammars with both left-recursive rul es and ru les with empty Ri ght Hand Sides with 

out go ing in to an infinite loop). The result of the algorithm is a ' packed forest ' of parse tree 

with its constituents labeled with the ir respecti ve grammat ical categories in the trees. 
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The basic operation of a chart-based parser invo lves combining an active arc6 with a 

completed const ituent. The result is either a new completed constituent or a new arc that is 

an ex tension of the original acti ve arc. New compl ete constituen ts are maintained on a li st 

ca lled agenda until they themselves are added to the chart. (See the deta iled description and 

implementation of this idea in Chapter five). But for the time being, cons ider the following 

example: 

[0, 5, S~ NP VP·] 

means that an NP fo llowed by a VP combine to make an S that spans the string from ° to 57 

The symbol • in an edge separates what has been fo und so fa r from what remains to be 

found X
• The numbers before the symbol S ind icates the indexing of the grammatical 

categories . Edges with· at the end are cal led complete edges. The edge 

[0, 2, S~ NP • VP] 

says that an NP spans from ° to 2, and if the parser could Ijnd a VP to follow it. then the 

parser would have an S. Edges like this with the dot before the end are called active arcs9 

Allen (1995) summarizes that chart-based parsers are more effic ient than those that rely on a 

search because the same constituent is neve r constructed more than once. Furthering the 

comment, he says a pure top-down or bottom-up search strategy could require up to C" 

operations to parse a sentence of length n, where C is a constant that depends on a speci I'jc 

6 It is sometimes called edge, hence interchangeably used 
7 the numbers before the symbols indicates the indexing of the grammar rules 
8 It is because of the. that the edges often called dotted rules . 
9 Some authors call incomplete edges. In some papers( Earley 1970), edges are called states, the 
idea is that an incomplete edge marks an intermediate state in the process of finding a complete 
constituent. 
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algorithm used. Even if C is very small , thi s exponential complexity rapidly makes the 

algorithm unusable. 

However, it is reported that chart-based parser would require K • Nl time and space 

complexity to bu ild each consti tuent as lex ical ca tego ri es between every posi ti ons. where N 

is the length of the sentence and K is a constant depending on the algorithm . Thus, it reduces 

parsing operations substantially. In chart parsing, the process of parsing an n-word sentence 

consists of forming a chart with n+ I vertices and adding edges to the chart one at a time. 

trying to produce a complete edge that spans from vertex 0 to n and is of category S. There is 

no backtracking; everything that is put in the chart stays there. 

In general , there are two different issues that are of concern . The tirst involves improving the 

efficiency of parsing techniques by reducing the search but not changing the final outcome. 

and the second involves techniques for choosing between different interpretations that parser 

might be ab le to find. To accomplish this. the foll owing technique is usuall y employed . 

It was noted earli er that the bottom up fa iled to store any intermediate results. That is the key 

reason for its obsessively time-wasting activity in rechecking things that it has already 

checked and which cannot be changed. Thi s can be considered as amnesiac l It checks each 

new category to see if it ex hausts an RHS and check each new adjacent pair of categories to 

see if they exhaust an RHS. This makes it slight ly harder to use. since the implementat ion 
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now has to make it impossib le to keep a record of which categories a parser is in (A llen 

1995; Norvig and Russell 1995; Marcus 1983). 

Thi s issue of storage of intermediate results is independent of the distinct ions already 

di scussed, even though any parser needs to store some states, simply to remember what it is 

currently doing; in particular, chart parser has to remember the mUltiple hypothesis states 

that are currently be ing entertained. Storage of intermediate results also turns out to be the 

key to efficient parsing. Chart-based parsers use a data structure ca ll ed a chart to encode al l 

intermediate results obtained in the course of a parse (Schildet 1987; Allen 1995; Norv ig and 

Russell 1995; Shieber et al 1995). 

One way to improve the effi ciency of parsers is to use techniques that encode uncertainty, 

so that the parser need not make an arbitrary choice and later backtrack. Rather. the 

uncertain ty is passed forward thro ugh the parse to the point where the input el iminates all 

but one of the poss ibilities. The efficie ncy of the technique desc ribed herc arises from the 

fact that all the possibilities are considered in advance, and the information is stored In a 

table that controls the parser, resu lting in pars ing techniques that can be much fas ter. 

It can be observed that chart parsers are more effic ient than any other parsers. They encode 

intermediate results so that reduplication of effort is avo ided. Moreover. chart parser encodes 

uncerta inty to avo id ambiguity and predicts the word category of unknown wo rd s (t hose that 

are not in the knowledge base). Therefore, the prescnt study will implement chart parse r 

suggested by Al len (1995) to avo id uncertainty and predict unknown words· category. 
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2.2.5 Comparison of Stochastic and Rule-Based 

Approaches (similarities and difference) 

The fo llowing points are areas where rul e-based and stochast ic app roaches share similarities 

which are drawn from Brill (1994; 1996) and Prichett (1992) 

• Both of them mayor may not need pre-processed corpora 

• Both of them use contextual information from an al ready set of possible lex ical category 

to disambiguate words. 

• Until recently, non of them hand le unknown words in a way that is completely portable 

Differences between the two approaches include the following based on Brill. 

• Rule- based approach uses contextual and morpholog ica l iniormation to deal wi th 

unknown words whi le stochastic approach uses probabil iti es to deal with such words. 

• A stochastic approach has no rul e-based mechanisms for di sambiguation . Instead it uses 

only probabi lities for dea ling with disambiguation (Brill 1996) 

• Rule-based parsers generally perform as good as or better than that of stochastic parsers . 

In fact; parsers developed usi ng rul e-based approach have the followin g advantages over 

parse rs deve loped using stochasti c approaches . 

Parsers deve loped using rul e-based approaches require less storage than those deve loped 

lIsing stochastic approach. That is, it is compact. In addi ti on , some argue that pa rsers 

deve loped using rule-based approach are ten times faster than the fastest stochastic parse rs 

(Bril l 1994; 1996) 

31 



Parsers developed using ru le-based approaches are al so reported to have better accuracy than 

those developed using stochastic approach. Finall y, twisting or mod ifying rule-based parsers 

for the purpose of correcting errors is easy and straightforward. On the other hand. tuning 

stati sti ca l parsers is ve ry di ffi cult for it is hard to predi ct the effec t of tuning the parameters 

of the system 

Considering all such similarities and differences, i.e . advantages and di sadvan tages, it seems 

reasonable to se lect the Intell igent (hybrid of Rule-based and supervised learning) System 

approach to deal with automatic sentence parsing for Oromo language. Hence. the current 

paper employs rule-based parsers to deve lop an automatic sentence parser for the language 

under consideration. 

2.2.6 The knowledge required by the parser 

The input to the algorithm is Oromo sentence, represented as an unannotated sequence of 

tokens, fo llowed by an end-of-sentence punctuation mark. For instance 'Abbabaan saree 

ajjeese . . The output consists of two objects: A fu lly annotated bi nary tree. which is the parse 

tree of the sentence, in tree format and tab le to di splay the information required. 

Word Dictionary (lexicon) 

The system to be developed has a knowledge base to guide the parser. The main components 

of the parser are a lexicon of se lected Oromo wo rds represented in a Knowledge Base, a 

morphologica l analyzer to strip off the affixes. and a syntactic parse r. A parser is incomplete 
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without the definition and design of the lexicon of Oromo. The lex icon contains informati on 

about all the different sample words of Oromo that is used in thi s study. It includes a ll the 

relevant information and restrictions. When a word is amb iguous, it is described by multi ple 

entries in the lexicon, one for different use. 

Because words tend to follow regular morphologica l patterns, many form s of words are not 

explicitly included in the lexicon. Fo r example, for the verb 'deem-' (dependent root form) . 

there are d ifferent forms of the verb-'deemte, deemuu , deeme, etc ' . Thus the base form of 

the verb and its affixes is stored in the lexicon differently and use Oromo grammar rules to 

combine verb with its affixes to deri ve the other entries. This is, of course, based on the 

formalism of Head-driven Phrase Structure Grammar (l-JPSG ). 

The Grammar Rule 

The most common way to represent grammars is as a set 01' grammar rules. These rules 

capture generalizations to class ify words into what me often called 'parts 01" speech' or 

grammatical categories lO Grammar rules underlie many lingui stic theories, which in turn 

provide the bases for many natural language understanding systems (Flickinger 2002). The 

grammar of Oromo is compiled into a LR (Left to Ri ght) tab le. 

Grammar Conventions 

I. Left recursive rules are handled in the parsers 

10 The term grammatical categories are more inclusive than parts of speech. It includes both lexical 
categories and types of phrases. Hence grammatical category is used through out this paper. For 
detailed information see Sag and Wasow (1999). 



2. The grammar uses the TAB to separate a mother node from daughte r nodes. but 

underscores between two child nodes. i.e. XI' X YP. 

3. The grammar al so puts each rule on a separate line. 

2.7 Learning Modules 

The technique employed here uses a technique suggested by Eri c Brill (1993). ca lled the 

supervi sed learning algorithm which was proved to be ef0cient in guessi ng unknown words 

with the combination of many sup plementary information li ke morphological ru le. 

contextual information, phrase expansion rul e. Moreover, morphological and capita li zat ion 

are also used as a clue for the learning algori thm (Thompson 1999; Peng (n.d): Cardie 1993). 

As concluding remark, di scussions were made in this chapter on variOUS Issues like the 

variOUS techniques of parsing, grammar rules, morphological and contextual informati on 

which will practicall y be used in chapter fi ve to Crea te a Lex icon, lexical grammar rule, 

mapped rule and which is used to develop the parser. The next chapter di scusses 

grammatical catego ries in Oromo. 

2.7 Steps in ASP 

Three things are generally essential to automatically parse a sentence US1l1g the An 

Intelligent (hybrid of Rule-based and supervi sed learning) System Approach. an approach 

selected fo r this study. These are, 
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• Creation oC a dict ionary li st ing of the allowable Grammatical categor ies 

for each word in the small tokens (strings) 

• Writing of grammar rule in the language 

• Creation of a matrix of MappeciRules table 
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Chapter Three 

Oromo Phrase Structures 

3.1 Introduction 

This chapter di scusses the structure of Oromo grammatical" categor ies whi ch are the 

building blocks of sentences in Oromo. But before exploring into the grammatica l categories 

of the language, the paper begins with the general and brief di scussion of the lexical 

categories of the language . The lexical categories are what the traditional grammar call s 

Parts of Speech. But since grammatical categories are more inclusive the paper inclines to 

using the word . And to differenti ate between words and ph rases. we use lexical categories to 

refer to individual words and non-lexical or phrasal categories to refer to types of phrases . 

The lexical categories di scussed in thi s chaptcr arc nouns. \·erbs. acljecti Yes. adverbs. 

adposi ti ons and conjunctions. Pronouns are also conside red separately but they fall under 

noun category. Other Oromo words such as interj ections and numera ls are also top i c~ 

discussed in this chapter. To better approach the topic to be discussed in this section. the 

chapter begins with a brief review of the writi ng system ancl punctuation marks in Oromo. 

Moreover, the analyses and discussions made in th is chapter are based on the data extracted 

from Abebe (2002) . Baye (198 1: 1986; 1987'\ Aska le (1997) and Tilahun (1989). Sag and 

11 Grammatica l categories are more inclusive than lexica l categories . It includes both lexical and 
phrasal categories. To differentiate between the two, we use lexical categories to refer to part of 
Speech in a traditional grammar and phrasal categories to refer to types of phrases. 
12 The yea r is according to the Ethiopian calendar 
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Wasow (1999), Wakshum (2000) and Mo rka (200 I). Further details on the subj ect can be 

obtained from these sou rces. 

3.2 The Oromo Alphabet and Writing System 

The Oromo writing system is a modificat ion to Lati n writi ng systcm. Thus. the language 

shares a lot of featu res with Engli sh writing except some modification. Fortunately the study 

gets advantage of the Oromo writi ng alphabets called commonly "qubee Oromo" that has 

been designed and used so far by the language experts in the area. The wri ti ng system of the 

language is stra ightforward which is des igned based on the Lati n script. Thus letters in 

English language are also in Oromo except the way it is written. A deta il ed descr iption of 

Oromo Writing System can be found in any text related to the language but readers can be 

referred to Wakshum (2000) and Morka (200 1) for the detail ed di scussion of the language's 

writing system. 

3 .3 Punctuation Marks in Oromo 

Analys is of Oromo texts reveals that diffe rent Oromo punctuation marks fo llow the same 

punctuation pattern used in English and other languages that follow Latin Writing System. 

The ful l stop (.) in statement, the question mark (?) in interrogat ive and the exclamation 

mark (I) in command and exclamatory sentences marks the end of a sentence and the comma 

(,) which separates list ing in a sentence and the semi colon (:). Li sting of ideas. concepts. 

names, items. etc are separated by the com mas. 
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3.4 Word Categories in Oromo 

As in the case with the grammatical categori es of other languages. like Engli sh for example. 

the grammatical categori es of Oromo have undergone a series of improvement in terms of its 

word categories and other syntactic features. Thus. the eight trad itional grammars is now 

summarized and divided into five categories in the language. In trad itional word categories. 

Oromo words are categorized in to the fo llowing eight categories (o r Grammatical 

Categories). These are the Noun, Verb, Adject ive, Adverb, Adposition, Pronoun, 

Conjunction and Intelj ecti on. 

Modern syntacticians such as Baye (1981, 1986, 1987;)'3 di vide Oromo words into five 

putt ing pronouns and adjecti ves under the noun, conjunctions under adposition (pre-and 

postposition) categories, respecti ve ly plus ad verbs, adj ec ti ves and verbs. Others like Askale 

(I997) put adjectives and adverbs under the same lex ical categories. Whatever the case, 

there are five syntactic categories serving as heads in phrase construct ion . Thus based on the 

above classification, the language has five grammatica l categories '4 headed 's by five word 

categori es. In thi s categori zation inteljections, which are ··words .. l!> with out syntact ic 

functions, are not considered as Grammatical Categories 17 

The current study adopts the class ification scheme developed by Baye (1981 , 1986. 1987). 

This is because traditional classification scheme is repetitive and adds redundancy to the 

13 Date is according to the Ethiopian ca lendar 
14 Grammatical categories are more inclusive. They include both word and phrase categories (see 
(Sag and Wasow 1999) 
15 See Sag and Wasow (1999) for the discussion of Headedness in a phrase. 
16 Some people, like Baye (1999, lecture notes), do not call these as words 
17 See Baye for such categorization and why interjections are not considered as Grammatica l 
Categories 
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parser to be developed by this paper. Rather a subcategorization scheme is used so that the 

grammar ru le is compact 18 and more express ive. The fo llowi ng sections of thi s chapter 

explores into the di scuss ion of the grammatical ' 9 categori es of Oromo as a background to the 

tasks to be carried out in chapter four and five. which are the cen tral and major contri buti on 

of this thes is in the area. 

3.4.1 Categories of Nouns 

The defini tion of nouns in Oromo is similar to the de fi nition in other language like Amharic. 

Oromo nouns are words used to name or identify any of categories of thi ngs. people, places 

or ideas or a particular one of these entities. For this study, the Oromo noun categories 

consist of no uns, adjectives and pronouns. Positions occupied by words like 'hoolaa ' 

'sheep' are considered as the nouns positions in the fo llowing sentence. ' Hoolaan marga 

dheeda' (the sheep grazed grass) . Moreover, two numbers are recogni zed in Oromo nouns: 

singular and plural. A singular noun is marked by zero morpheme whereas a plura l noun is 

marked by various forms. The fol lowing are ill ustrative examples. 

Singular Plural pI. marker 

I. mana 'house' manneen 'houses' {-een} 

2. sa1a 'cattl e' saawwan 'cattl e'(pl) {-wan} 

, 
ganda 'village' gandoota 'villages' { -(o)ota} ) . 

4. waaraabessa 'hyena' wa raabeyyi i 'hyenas' [-yy ii: 

5. aanaa 'di stri ct' aanaa lee 'districts' {- Ice} 

18 for subcategorization scheme and its compactness, readers are referred to Sag and Wasow ( 1999) 
19 this term is more inclusive than word categories. See Sag and Wasow ( 1999). 
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Since nouns sometimes used as adjecti ves, li ke in the fo ll owing sente nces 

Tulluun mana cilaa ijaare. [Tullu built a thatched house] 

adj ectives are categorized under d ifferent catego ri es. Li ke nouns O romo adj ecti ves can be 

either pri m iti ve or deri ved. Adjec ti ves come after the nouns they desc ri be. In the example. 

the adj ective guraacha " black" in saree guraacha comes after the noun it modified. It is also 

true in the adjecti ve case that not a ll words aft er nouns could be adjec ti ves. For example. in 

mana ci laa .. thatched house", the word cilaa " thatched" is not adject ive but noun as 

adjecti ve. Moreover, nouns but not adjectives occur in subj ect and/or object pos iti ons. On 

the o ther hand . like nouns, Oromo adj ecti ves can be either primitive or deri ved. 

As can be observed from the data, Oromo nouns are pluralized by suffi xing various forms of 

suffixes, such as, {-een }, {-wa n}. {-(o)ota ), {-yy ii } and {-lee} . It is poss ibl e to use more 

than one type of d iffere nt plu ra l Ill arkers in some nouns. Fo r instance. /1/a/1a 'house' can be 

plurali zed both as /1Ia/1l/een or /1Ial/oo/a. Most nouns, however. prefe r one plural marker to 

the other (A bebe 2002). The word sagalee 'sound', fo r exam ple, can be plurali zed by 

su ffixi ng {-(o)ota} or {-lee}, but it prefers the former fo rm to the latter. When a noun stem 

and a plural markin g suffix combine. various morphophonolog ica l processes take place 

among which the last vowel of the stem drops and be compensated by gemination of the 

preceding consonant as in (1 -5) above .. 

Adjecti ves are similar to nouns in vari ous fo rm s. For example. Baye ( 198 1) concl uded th at 

both nouns and adj ectives are infl ected for number. He further disc ussed that both may be 

pl ura li zed by affix ing the above indicated plu ra l maker tor no uns. especiall y {-(o)ota} 
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excl uding those derived adject ives which are pluralized by redupl ication . For example, the 

noun 'mana' [house] in Oromo is plurali zed by add ing the suffix {-ota} and becomes 

' manota' [houses] but by deleting the final vowe l. The same is true for adjecti ves . For 

example, the adjective 'guraacha' [black] can be pluralized in a similar fashion li ke nouns 

and becomes 'guraachota ' [the black]. 

The two sub categories also share simi lar characterist ics for the inflection of gender. 

However, it should be noted that adjectives cannot substitute nouns in a sentence 

construction, Only pronouns seem to substitute for each other since they can occur in the 

same position in a sentence of Oromo. For example, consider the following sentences in 

which one is correct and the other is not. 

Abbabaan barsii saadha. [Abebe is a teacher] 

Inni barsiisaadha [He is a teacher]. 

*Guraacha barsiisaadha. [Black is teacher], which is ungrammatical. 

There are also personal pronouns wh ich are included under thi s category. See the following 

tabl e. 

Person Acclisative Nominative 

Isg (a)na (me) an-i (I) 

I pi Nu (Us nu-hi/nu-ti 

(We) 

2sg Si' l (you) Ati (you) 

2pl Isin (you) isin-~ (you) 
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3sgm lsa (him) in-ni (he) 

3sgf Ish ii (her) ishii-n (she) 

3pl lsaan (they) i saa-~ (they) 

Other types of pronouns are not considered in this study because of resource facto r. 

3.4.2 Categories of Verbs 

The di scussion of thi s section is based on the information co llected from Baye (1 981 , 1986, 

1987 ancl Askale (1997) and Abebe (2002), These works consist of all the in fo rmat ion 

required by the current study, Verbs are forms which occur in clause tinal pos itions and 

belong to a di stinct category li'om that of no uns (Nominals), For example in the following 

sentence, 

Caalaan farda bile]O [Chala bought a horse] 

Leensaan dhufie . [Lensa has come] 

Tul luun dheeraadha. [Tullu is tall] 

the italicized part are all verbs, Baye (1986) di vides verbs into a number of sub categories 

based on the type of constituents they are associated with. These are intransiti ve, transitive, 

ditransitive, modals and auxiliari es verbs. The intransiti ve verbs are those verbs which do 

not take any phrase as their complemene l
. For example in the sentence ' Abbabaan furdate' 

(Abebe got fat), ' furdate ' [got fat] is an intransiti ve verb which has no comp lement. There 

are al so what Sag and Wasow (1999) cal l strictl y transiti ve ve rb. These types of verbs are 

those which take one complement in Oromo, For example, 

20 Note that the italicized words are under focus of the respective topic and/or subtopic 
21 The complement is constituents of a phrase, or words that expand the phrase, 
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inni [teechuma] NI' cabse (he broke the chair) 

Caalaan [mana]NI' bite (Chala bought a house) 

the N P in these two examples are complement to the verbs ' cabse' broke and 'b ite ' bought. 

Finally the third category of verbs in Oromo is what is ca ll ed the Ditransitive verbs. These 

verbs take two complement. The complement for such verbs is usua ll y noun phrase and 

adpositional phrase in Oromo. 

Tulluun [abbaafJ 1'1' [konkoolataa] NI' b ite. 

For the detailed treatment of these subcatego ri zations see Baye (1986). 

3.4.3 Categories of Adverbs 

Oromo adverbs are words which are used to modify verbs . Adverbs usually precede the 

verbs they modi fy or desc ribe. Example; 

Abbabaan kaleessa dhufe. [Abebe came yesterday] 

Saree guraacha [b lack dog] 

In this example, the adverb kaleessa "yesterday" precedes the verb dufe "came" that it 

modifies. However, it should be noted that any wo rd that comes before a verb is not 

necessarily an adve rbs. For instance, in l17uka cabse "broke wood". the wo rd l17uka "wood" 

precedes the verb cabse ' broke' . In this case the wo rd l17uka is a noun and in turn is modified 

by the verb cabse . Hence, the verb funct ionally shares the feature of an adjective (mod ifier). 

There are different types of adverbs . These are adverbs of time, place, manner, frequency, 

degree, etc. in general, adverbs are treated as the subclass of ve rbs. Days of the week in 

Oromo language may be used also either as a noun or as an adverb. 

Readers again referred to Baye (1986) for fu rther di scuss ion and examples. 
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3.4.4 Adpositions in Oromo 

The term Adpositions22 refers to words, wh ich will have meaning only when they are 

attached or used together with other words such as nouns, verbs. pronouns and adjecti ves . 

Adpositions are characterized by having no inflectional or deri vational morphology and 

belong to the closed system. 

Adpositions can appear as 

}- A simple adpositions that stand alone as separate wo rds 

Examples Abbabaa wedin " wi th Abebe ,. 

Gara mana "to house') 

~ A simple adposition prefixed or attached with other words (e.g. nouns and verbs). 

Example harka-an " by hand" 

Ummata.J " tol for the public" 

}- As compound adpositions consisting of two parts. adpositional prefix es and post 

positions put after nouns. The postpositions can ei ther be single adposition that stand by 

their own or an adposition not separated from a noun. 

Examples sanduqa gubba-rra "Inside the box " 

t \ ~ 
box (noun) a postposition " inside", postposition "over" 

22 Two types of ad positions can be recognized in Oromo depending on weather they are bound or 
free. See (Saye 1987) and (Askale 1997) for definitions of free and bound ad positions. 
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3.4.5 Conjunctions in Oromo 

Conjunctions in Oromo are coordinating or subordinating. They coordinate words, phrases, 

clause and sentences. A list of Oromo coordinating conjunct ions is found in (Hamiid 1995) 

together with a detailed discussion on such coordinating and subordinating conjunctions. 

Thi s paper adopts the current trend that conjunct ions and adpositions appear in the same 

categories-the adposition Grammatical Categories. One problem that arises by categorizing 

adpositions and conjunctions into different categories is the problem pertaining to 

distingui sh conjunctions fi'om ad positions. The problem in distinguishing the two mainly 

arises from the fact that the same words are mostly used as both adpositions and 

conjunctions. However, in cases where it is possible to separate adpositions from 

conjunctions, they are parsed separately. That is when the parser is able to di stinguish 

between the two sub categories a distinct category is given to both of them. See chapter four 

for how conjunctions may be parsed in this paper. 

3.4.6 Numerals 

These are words representing numbers. They can be cardinal or ordinal numbers. A list of 

the Oromo Cardinal numbers is found in (Tilahun 1989, Haniiid 1995). In Oromo, the 

ordinal numbers are formed from the cardinal numbers by suffixing the suffix {~af!i:ta}. 

Example Cardinal 

lamma 

shan 

gloss 

two 

fi ve 

ordinal 

I amm-af! 1W 

shan-affaa 

g loss 

second 

fifth 

Like English, compound Oromo numera ls are put separately. The following are examples to 

illustrate this. 
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Example dhiba lamma, and 

Dhiba lamm-allua 

Dhiba lammaa-fi shan 

"two hundred" 

"two hundredths 

"/wo hundred andfive 

In Oromo, there are also numerals that indicate distribution. These numerals are called 

distributive numerals. 

Example lama lama ~'two two" 

There are also specia l numerals in Orol110 that correspond to the Engl ish "haIr', "quarter" 

etc, 

Examples of these include walakkaa "haIr' and siisoo "one third". 

3.4.7 Interjections 

Like English, Oromo has many wo rds or ph rases used to express such emo ti ons as sudden 

surpri se, pleasure, annoyance and so on, Such Oromo words are called inteljections. These 

Orol11o interjections can stand-alone by themselves outside a sentence or can appear any 

where in a sentence, 

Examples ashuu / "wonderful l" 

wayyoo 

ani bade! 

A long list of Oromo inteljections is found in (Tilahun 1989; Hamiid 1995). 

Based on the above lexical categories, the next section explores the types of phrases found in 

Oromo. The idea of headed ness discussed in this chapter of thi s paper may indicate that the 

types of phrases fou nd in the language depend on the lexical categories of the language. 

Moreover, (Sag and Wasow 1999; Baye 1986) divide the types of phrases based on the 
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lex ical categories. Thus this paper will depend on thi s class ificat ion [or the purpose of the 

problem under consideration but keeping the idea of headed ness in mind. Moreover, thi s 

paper depends entirely on Sag and Wasow (1999) and Baye ( 1986) for the anal ys is of 

Oromo phrasal catego ri es. 

3.5 Phrasal Categories 

As it is indicated above phrasal categories depend on the lex ical categori es of a language. 

They use the lexical categories as the head of their phrases. Thus all phrasal categories are 

hierarchical in nature. This hierarchical nature of categorization is very important for it 

enab le us to class ify feature structures in more subtle way that wi ll allow intermedi ate level 

categori es of various sorts. For example, verbs may be class ified as intransitive or transitive: 

and transitive verbs may further be sub class ified as strict transiti ve (those taking a direct 

obj ec t and nothing else) or ditransiti ve . Th us the hierarchi cal system let us talk about the 

properties shared by two di stinct types by associating a feature or a constan t with their 

common super type. But before talking about the phrases in Oromo, let's define the word 

phrase. 

3.5.1 A Phrase 

A phrase can be defined as a syntactic combination of a word with one or more other words. 

A phrase is constrained or res tri cted by two things : in terms of the constituents,2) and the 

lexical categories like nOllns, verbs, etc. Thus, we can determi ne the number of phrases by 

23 A constituent is element or member in a phrase. 
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the number of words. A question of how to check whethe r a structure is a phrase can be 

answered using the following four guiding principles (Baye 1987)24 These are: 

I. If the const ituents of the phrase can be moved together to ano ther place 

without separation. 

2. If the phrase can replaced by a pronoun (for noun phrase). 

3. If one of the constituents of that phrase is missed . the meaning of that phrase 

will be corrupted. 

4. If an insert ion of other word in between that phrase affects the meaning. 

Based on the type of lexical categories in Oromo, there are five phrase types in the language. 

They will be reviewed in the following subsections. 

3.6 Noun phrases 

A noun phrase is made of one noun and one or more other lexical categories including the 

noun itself. For example, in the plu'ase ' mana citaa [thatched house]. there are two nouns 

which make the noun phrase : mana [house] and citaa [thatched]. 

Thus, noun phrase and phrases in general must meet the above criteria to be called a phrase . 

In the following sentence 'Abbabaan mana citaa qaba' (Abebe has owned a thatched house), 

' mana citaa' [thatched house] is a noun phrase. But to check whether it is really a phrase or 

not , we can see the above cr iteria. The following arrangement is impossible for the above 

reasons. 

A. Qaba Abbabaan mana citaa . (legal movement) 

24 The year is according to Ethiopian Calendar 
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B. * citaa Abbabaan mana qaba. (i llegal movement because of the above 

reason I and 4.) 

C. * Mana Abbabaan ci taa qaba. (illegal because of ru lc J &4) 

the above sentences with asteri sks have illegal phrase construction because of the above 

rules. Thus we checked that "mana citaa" is a phrasa l structure. 

As indicated above, nouns can appear in a number of positions, such as in the positions of 

the three nouns in "Abbabaan kitaaba Caalaaf bite" [Abebe bought Chala a book]. These 

same positions allow sequences of a noun followed by an article, as in Abbabaan kitaabicha 

Caa laaf kenne" [Abebe gave Chala the book.]. since the position of the arti cle can al so be 

fill ed by demonstratives (kun, sun, etc.), possess ives (koo, kee, keessan , etc), or quant ifiers 

(e.g. xiqqoo) , the more general term "Determi ner" abbreviated as (D) is used. 

Moreover, each constituent25 in a phrase has its own positions and functions. For example. 

' mana ' and ' citaa are both constituents of the phrase' mana citaa '. A phrase is usually 

headed by one word. The head word is the core component of a phrase. Wi th out a head a 

phrase can't be built. On the other hand a head can stand-alone by itse lf. A head word can 

determine not onl y phrase type but also lex ical catego ri es. If the head is a noun, then the 

phrase is a noun phrase , etc (Sag and Wasow J 999; Levine and Green J 999). 

The noun phrase NP as a summary may be represented as 

HEAD noun 

25 Each element or member in a phrase is ca lled constituent. 
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AGR PER 151,2"<1, 3rd 

NUM sg, PI 

NP has a lot of constituents in Oromo. As indicated above one or the cons ti tuents is the 

determiner. Consider the following exam pl e, 

A) [Namn i tokko] NP [saree ajjeese]V P (A man killed a dog) 

B) [Nam ichi] NP [saree ajjeese] vp (the man kill ed a dog) 

We can see that NP consists of determiners of type articles (tokko "a" in (A) and - ichi " the" 

in (B)). However, the position of these determiners in Oromo is different from English in 

that determiners come after the nouns they modi fy. Not only determiners but al so all 

modifiers for nouns come after it in the language. An NP may also consist of two nouns like 

' mana citaa ' [thatched house]. In Oromo the order of words especially the head word and the 

modifiers and specifiers are diffe rent from the word these wo rds have in English. For 

example, an NP in Oromo consists of one noun word as head word and another noun plus an 

adjective as modifiers and speci fi ers like in the follow ing example . 

Mana citaa bareedaa [a beautiful thatched house]. 

In addition to the above developments Oromo has an NP which may appear as accusative, 

nominative, genitive, dative and instrumental. This type of ex istence of nouns in a different 

form for different funct ion is called case. In the following subsection it wil l be reviewed in 

brief. However, for detailed treatment of case in Oromo, readers are referred to Abebe 

(2002). 

50 



3.6.1 Acc usative and Nominative Case 

The accusative case fo rm is the basic form of nouns and pronouns in Oromo (Abe be 2002; 

Baye 1981 ; Gragg 1982; Owens 1985). This means that nouns and pronouns in d irect object 

position do not have overt case marker, as shown in the following sentences. Wh ile the 

nominative case (words in their subj ect position form) are inflected fo r agreement in terms 

of case. 

A. [tulluu - nJ NP ll11a lla/NP IJaar-e 

" Tullu built (a) house." 

B. Tul luu- n jarda adii (Nr) yaabbat-e 

" Tulluu rode (a) white horse. " 

C. Tulluu-n ill/a/rI-/ii(NP) beellam - e 

" Tulluu dated the girl. " 

D. tulluu - n ill/a/a - Iii gurraa- ttii INPI hee llal11- e 

"Tul luu dated the black girl." 

E. l1al11- IIi of jaalat -a 

"Man loves himse lf' 

F. jim/-i marga dheed-e 

"A horse grazed grass." 

G. Allllaall gad i namme 

In the above example, the pllJase ' Tulluu-n ' is an NP as nom inati ve case (subject case) and 

' mana' [house] is an NP as accusati ve case. Thus in the above example one can see that NP 

as subject has case marker, i.e. ' -n ', ' ni ', and ' i' while NP as object form has no case marker 

in a sentence . 
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The object N Ps 'mana ' house ' (head noun) in (a) . ~/fl/"l/a (/{lii" [white horse] (a head noun 

and mod ify ing adjective) in (b) , ' inta/a-iffi ' [the girl] and ' mucaa H [the boy] (head noun in 

(c) & (d) respectively, and inta/a-ittii gurraaa- Ilii ·the black girl'(a head noun along with 

singulative marker and modifying adjective) in (e) are not all overtly marked for accusative 

case. 

Similarly, persona l pronouns (a)ml 'me' , 1111 'us', si'i 'you' (second person singular), isil1 'you' 

(2pl) , isa 'him', is /Iii 'her' , isaall 'them' in object position do not affix accusative case marker. 

Some of them are shown in the following. 

It can be noted from (a-I) in the above examples that nominative case in Oromo nouns is 

marked by '-ni ', ' -i', ' -n ' and ' ~' (empty set). Abebe (2002) genera lized these subject 

markers as in the following case. 

1. ' -ni ' occurs after a noun which ends with a short vowe l that is dropped. 

(e .g. in E above). 

II. ' -i ' occurs after a noun that ends with a short vowel which is preceded by 

consonant cluster; the short vowel orthe stem is aga in de leted (e.g. F) , 

III. '-n' occurs after a noun that ends with a long vowe l(e.g. A- D). and 

IV. '~ ' occurs after a noun that ends with a consonant (e.g. G). 

An adjective mod ify ing a head noun in externa l argument position attaches similar suffixes 

as the no uns in the above examples for subject markers. 
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A. lIam-lIi IlIrdaa-1I dhibee hin-danda '-u 

"A fat man cannot res ist disease" 

(b) [farrl-i gurraac/I-I] NI' co l lee -dha 

" Black horse is smart" 

As can be observed in (A and B), subj ect marker in the nominative case is copied onto the 

modifying adject ives. The forms of the nominat ive marking suffixes on the adjectives are 

phonologically conditioned in the same way as they are made on nouns. Detail ed treatmeI1l 

of case in Oromo is found in Abebe (2002). The same is true for personal pronouns in 

Oromo. 

There are personal pronouns such as 1111 'us' and s i 'i 'you' which do not seem to fit into the 

rul es in above. Si'i 'you (accusative or object case)' and ati 'you (Nominative) are different 

forms ti'om one anothe r and may be cons idered supp letive. On the other hand , 1111 'us' and 

IlU/ti/lll1ti 'we' share some common phonetic form that have been summari zecl from ahove in 

the above rules. 

In general NP constituents are 

1. A 1I0lll1 as /tead word 

2. Specijiers like adjectives, adpositioll, etc 

J. QCllllltijiers like IIl1l1/bers 

Furthermore, Oromo simple noun phrase is head final. A more detailed discussion of noun 

phrase will be presented in the sub topic 'Sentence in Oromo·. The last point to make abo ut 

Oromo Sentence is that it has di scontinuous morpheme to indicate negative markers. For 

exampl e, Abbabaan /tillddhuflle 
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.7 Verb Phrases 
Before the di scuss ion of the verb phrases (V P), it is necessary to introduce the word 

complement here. In a simple language, a complement is a word or a phrase that the head 

word can take as its constituents to make it grammatical. Some wo rds do not take 

complements like Abbabaan dhufe 'Abebe came"; some take one complement like 

'Abbabaan muka cabse ' ; and st ill others take two complements 'Abbabaan konkoolataa naaf 

bite'. Based on this definition, Oromo verb phrases can be captured by dividing them into 

three categories. These are intransi ti ve. stri ctl y transiti ve and di transi ti ve ve rbs16 

Abbabaan dhufe (Abe be came). 

Abbabaan teechuma cabse (Abebe broke chair) 

Abbabaan konkoolataa naaf bite (Abebe bought me a car). 

The structures which appear as constituents of VP are all types of adverbs, adpos itional 

phrase and noun phrase. A more detailed desc ription will be presented in the sub topic of 

"Sentences in Oromo". 

3.8 Adjective Phrase 

Adjectives are specifiers for noun phrase. They usually come after the noun (usually the 

head word ) they specify. For example, ' mana guddaa (big house). In adjec tives nouns can 

act as adjectives like ' mana citaa' [thatched house] or ve rbs as adjectives like 'mana gubate' 

[burnt house]. Again a further detai l is in the next subtopic "Sentences in Oromo·'. 

26 See Sag and Wasow ( 1999) and any other textbook on the classification of verbs in such a way. 
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3.9 Adverb Phrase 

Adverb phrase is made lip one adve rb as head word and one or more other lexical categories 

including adverbs itself as modifiers and specifie rs in Oromo. For example. in Oromo it is 

poss ible to have two adverbs in adve rb phrase like in a phrase 'kaleessa ga lga la' [yesterday 

night]. As indicated above adverbs and their phrases are used to modi fy verbs. I-Ience they 

precede verbs in a sentence. In general adverb phrase can have one adverb as head word and 

nOlln phrase. another ad verb, etc as constituent. See the detailed discussion in Baye ( 1986). 

3.10 Adpositional Phrase 

Adpos itiona l phrases are combination of nouns and adposition. They Llsually spec i ty verb 

phrase. Thi s phrasal category sometimes is ca ll ed adposit ional objects (Baye 1986). 

A. Inni kara mana deeme [He went to the house] 

B. Lammaan kophee Caaltuu:fbite. [Lemma bought a pen to Chaltu]. 

Adpositions in a adpositional phrase can be ei ther stand independent ly like in (A) or affixed 

to the adpositional object like in (B) above. 

3.11 Sentences 

The combination of zero or more NOLIn Phrase and one or more ve rb phrases make up a 

sentence in Oromo. However, a sentence is cons idered as a special kind of phrase which 

consists of noun phrase (NP) and the verb phrase (VP). Thus we can talk in terms of phrases 

when talking about sentences. 
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Before proceeding, we need to renect for a moment on the traditional terminology parts of 

speech (POS) . There are ccrtain feature structure27 that are appropriate for ccrtain POS 

(lexical categories), but not for others. For example. CASE is appropriate only fo r nouns. 

adjecti ves and pronouns in Oromo. Whi le the fea ture AUX(ILLARY) is specifiable only For 

verbs (to di st inguish helping verbs from all others). Like wise, the features PER(SON) and 

NUM(BER) are used for nouns, verbs, and determiners. Thus. we have to guarantee in the 

parser to be developed that the ri ght feature go with the right lexical categories. Moreover, it 

should be noted that the lexica l categori es discussed 'in thi s chap te r are important, since they 

serve as the head of a phrase in a sentence of Oromo. 

As discussed so far the head wi ll always te ll as its va lue a lexical category in Oromo. I-lead 

does the same job ass igned to the POS; but it also does more here, namel y it provides us a 

way to accoun t which features are appropriate for which POS. Moreover, as Sag and Wasow 

(1999) say, HEAD enable us to introduce complex featu res: feat ures within featu res. 

Furthermore, it wi ll be of immediate use in providing us with a simple way to express the 

relation be tween a headed pi/rase and its head daughter. To explain these terms, let' s 

describe a tree structure which is common to almost every discipline. Any sentence can be 

represented in up side down tree diagram. For example. the sentence 'Namichi saree jaalata ' 

[The man loves dog]. 

27 Feature structure is a way of representing grammatical informat ion which has a particular value. 
For example the feature va lue for gender is either male or female. It can be conceived as a directed 
graph where feature names label arcs that point to appropriately labeled nodes. Usually it is written 
in upper case . 
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S 

N A RT 

~P 
/~ 
NP v 

Nam -ich i II Jaa ata 

A tree is sa id to consist of nodes connected by branches . A node ( lo r e.g. S in abo ve 

example) above another one (fo r e.g . NP or VP) in a .branch is sa id to dom inate it. The nodes 

at the bottom o f the tree, that is, those that do not dominate any thing else, are called 

terminal (or leave) nodes. A node right above another node on a tree is sa id to be its mother 

node and to immediate ly dominate it. A node right below another one is said to be its 

daughte r. Two daughters of the same leve l are s isters to one another. 

Keeping the above simple defin ition of daughter in mind, now let's come back to the idea of 

headed phrase and /lead dallghter. Grammar rul es in Oromo (and in an y ot her language lo r 

that matter) require that the mother and one of the daughters bear identi ca l (unifi ed) va lues 

both for POS and features. The constituent on the ri ght hand side of the ru le that carries the 

uni fy ing (matching) feature va lue is always the head daughter. 

The genera l pr inc iple governi ng all trees bui lt by headed ru les as stated by Sag and Wasow 

(1999) say that in any headed phrase, the head value of the mother and the head value of the 

daughter must be unifi ed ( o r have identical va lue) . Moreove r, they state that phrase 

structure rules are not diffe rent in kind from wo rd structures . except they are governed by 

gram mar rules rather than lexical entri es. Thus, we can say a sentence (or a phrase) is 
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grammatica lly correc t (or well fo rmed) based on grammar rulcs. Fro exampl e. Sag and 

Wasow (1999) say that a sentence is well formed just in case each local sub tree within it 

either 

1. contains a lexical en tri es, or 

[]. sati sfi es some grammar rul es and principles. 

The schematic representation of a sentence as forwarded by Sag anfi Wasow (1999) is: 

S -7 PHRAS E 

HEAD NOUN 

AG R 

PHRASE 

HEAD VERB 

!\GR 

The structure says that a sentence consists of a noun phrase and verb phrase. noun and verb 

as head. unified by their agreement in a sentence, respecti vely (see Sag and Wasow 1999). It 

should be noted that this is a general representation of sentence of all types. But the purpose 

of this paper is to deve lop a parser for simple statement which descr ibes phys ical or ideal; 

realistic or abstract ideas. act ions and emotions. Such kind of sentences in Oromo ends with 

a period. Moreover. the paper will also incl ude the feat ure or type agreement fo r all 

grammatica l categories and past tense for ve rbs in developing parser aga in for the same 

reason. 

3.12 Summary 

As a concluding remark even though it has been discussed about lexica l ca tegories. 

grammatica l categories including sentence. it is difficult to ta lk about all types of sentence in 

Oromo because of the limitation of ti me. Thus. this paper will treat the simple sentences in 

Oromo. 
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In thi s study pronouns are treated as nouns and hence do not have their own lex ica l category. 

Thi s class ification is ent irely based on woks of scholars in the area and givi ng attenti on fo r 

the classifi cation' s conveniences for parsing. In some cases, there might be cases that may 

not go in line with structural lingui stics. The nex t chapter presents lex icon. and the process 

of data preparation fo r the pars ing process. 
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CHAPTER FOUR 

Data Preparation for Parsing 

4.1 Introduction 

This chapter discusses the pars ing process des igned for Oromo language and the LEXICON 

identified for the purpose. The des ign is mainly based on the properti es o f the language 

di scussed in chapter three but keeping in mi nd the chart based parsi ng discussed in chapter 

two. 

Th is and the next chapters are the main contribution of this paper. Th is chapter focuses on 

draw ing the lex ica l categories, Gramma r Rules and the lex icon which are the components of 

the parser and the language. Prob lems encountered wh ile trying to parse Oromo sentences 

and poss ible solut ions tried to deal w ith the problems are al so part of the discuss ion in thi s 

chapter. 

The chapter begins by brie fl y introducing knowledge acq ui sit io n and appearances of lexicon 

and grammar rul es in the knowledge base. 

4.2 Knowledge Acquisition 

Knowledge of the language plays an im portant ro le in order to design efficient parse r fo r the 

language. Such knowledge, among other things, may be obtained in various ways. The 

knowledge required for the N LP in general and sentence parsing in parti cul ar can be 
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obtained in different ways. In this study, grammar ru le, morphological rule and a lexicon 

obtained from the analys is of Oromo text were used as a knowledge base. However. an 

effort has been made to minimize the num ber of grammar rul es of the language. Thi s is 

because that the knowledge of the grammar plays a central role in developing an effici ent 

parser. On the other hand , it s size dete rmines parsing speed. Thus. these pros and cons must 

be negotiated. 

4.3 Appearance of lexical and Phrasal categories 

The lexical categories in the language appear in the tree structure form. The following 

example illustrates the appearance or general format of a parsed sentence fo r the fol lowing 

Oromo sentence. 

[[Abbabaan) N)NP [[Csaree)NJN P lajjeese]VJ)VP. "Abebe killed a dog" 

Abebe dog killed 

~ 
S 

-------------NP 

/~ I 
N NP V 

Figure 4.1 Appearance of Lexical alld phrasal categories during parsing 

Since it was difficult to di splay the constituent elements of the above sentcnce in particular 

and all sentences in this paper in general, according to their grammatica l category, the 

fo llowing table for the output of the parser was designed. [n the tab le. the output of the 

61 



sentence is di splayed frol11 left to right order beginning from the start of the sentence until it 

reaches end marks . Note that the table includes each wo rds fea ture hori zontally aga in from 

left to right order. 

Table 4. 1 appearances of lexical calegories wilh Iheir /earures 

Stem Category Num Gen Case Tense Affix 

ame 

Abbabaa N Sg M NOM N 

Saree N Sg M ACC 0 

Ajjees V Sg M PAST TENSE E 

For the sake of compactness and clari ty, parses will only be ass igned to words under 

consideration rather than the whole wo rds appearing in the examples as illustrated in the 

example below. which considers discuss ions on nouns. The punctuati on marks that mark the 

end of an Oromo sentence is also omitted from all examp les. See fi gure 4.2 fo r the sentence 

"A b ba baa n sa ree ajj eese. " 

~ S _____________ 

NP VP 

I 
N 

Figure 4.2 Appearall ce of Lexical alld phrasal categories of II OllllS ill 

parsing 
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4.4 Parsing of Noun Phrases 

As discussed in Chapter three , noun phrases consist of a nUlllber of constituents like nouns. 

adjecti ves. specifiers. etc. Noun theill se ives are divided into proper28
, COlllmon, collect ive 

and pronouns. Nouns can be singular or plural. They can al so indicate gender and casco III 

Oromo, nouns are inflected also fo r cases. Table 4.1 below shows the att ri butes of Oroillo 

nouns together with their respective values. 

Table 4.2: Allribule and allribUle values o/nouns in 01'01110 

Lexical category: Noun 

Attributes Gender NUlllbe r Case 

Values { Ill ,!'} {sg, pi} (NOM , ACC : 

The paper does not divide nouns into different subcategories (prope r. COllllllon, col lective. 

etc). Al l nouns are parsed as "N'·. Then. their attri butes in te rill s of nU lllber. gender. case are 

as shown in the above Table 4.2. A noun phrase in this work is parsed as NP (Noun Phrase) 

in the output of a parsed sentence. A noun phrase can be branched as N which becoilles a 

head on the left and specifi ers and Illodifiers on the right of (he phrase as in the fo ll owing 

exaillple. The specifiers and Illodifiers are Illade of Adjectives. adve rbs and nUlllbers in 

Oromo. 

[Nilllni [gUrraChi [toikO)S PEC]ADJP]NP sawwaan oofe. 

Man black one 

But fo r clarity reason, how each constituent of each phrasal category is parsed is di scussed 

here in deta il. But reference is always Illade to constituents' phrasal category where 

2. are all nouns that are different frolll any of the pronouns discussed in Cha pter three 
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necessary. Thus, the discussion of phrasal category is included in each consti tuent element 

act ing as a head of that phrase. For example, in a noun phrase the hcad wo rd is noun . As 

constit uent o f thi s phrase may be adjectives . adve rbs as discussed above. I-Ience. the parsing 

process for noun and its phrase is di scussed in here. 

Nou ns in Oromo can be used as subject and/or object case. In this work the case makers of 

nouns are detached from nouns before they are di splayed as output in the table as indicated 

in table 4.1. The affixes are detached using the morphological analyzer before the entry is 

given to the parser. Thus, the a ffi xes are detached li'olll nouns and then only the root forlll of 

the nouns is d isplayed on a table. For example. in the sentence 

[(Namni]N]NP saree ajjeese " I-Ie kil led a dog," 

MJ dJg kil led 

the subject marker ni is detached by the morphologica l analyzer bcfore the noun is di splayed 

on a table. Note that in the above example the N P has only one constituent that is N. the 

process of de-affi xati on is not only true for nouns but al so for pronouns in subject (or 

nominative case) pos ition in a sentence. Moreover, the process of detaching of mo rphemes 

from the input is done on each wo rd regardless of its category before and after the parser 

contacts the database to check the stem's ex istence in the database . 

The N P after being analyzed fo r its constituent is branched as N at the term ina l node of the 

tree as indicated above on page 62 in fi gure 4.2 . The NOM in tabl e 4.1 indicates subject 

(nominati ve) case marker for Oromo nouns in thi s sentence and for nouns and adject ivcs in 

general. 
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Oromo initia ls in names such as obboo '·Mr.·'. aaddce ··Mrs.··. etc arc al l are parsed as N as 

in the [ollowing exam ple. 

Obbo Tu lluun dhufan "Mr. Tu ll u came." 

Mr Tu lluu came 

Days of the wee k in Oromo can either be used as a noun or as an adverb . When they are 

used as a noun they are assigned the parse N as in 

[[Kaleess i]N]NP [[[da fin oo]N]N P[-dha]V] VJ" ' Yesterday is Mo nday" 

I I \ 
Yesterday Monday IS 

in which N P is both a phrase and a single word and thus be ass igned the label N. But the 

final termin al node is the words lexica l category which is di splayed as output. See the 

foll owing example; 

" [Tulluun]NP [[saree]Np [ajjeese]V]VP." 

~S~ 
NP VP 

I 
N 

Figure 4.3 I/Ow a single word as a phrase is treated ill tllis lVork 

[n the example above, the word "Tulluun" is a phrase but a single wo rd . Thus. rather than 

parsi ng thi s directly as N it first ass igned NP out of whi ch N is branched. 

Months of the year in Oromo are assigned the parse N as in 
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[Amajjiin] ,w U,i' a Calqa\aat~anllary is the first month" 

Jaml.y month first is 

There are Compound nouns having a single meaning in Orol11o . Such types of nouns were 

difficult to treat with the current parser. So to parse such type of nouns in th is work the 

compound words have been written by inserting a hyphen between the constituent of the 

compound words. Such nouns include, 

[Mana baruumsaa] NP ·'Schoo ' ''. 

[Mana buna]NP ··Bar·'. 

Thus, to parse such compound nouns they are hyphenatcd as follows and be parsed as N. 

[Mana-barumsaa]N 

[Mana-buna ]N 

4.5 Parsing of Verb Phrase 

Verb phrases (VP) in Oromo have a number of constituents. The head is a verb in a verb 

phrase. Al l other modifiers and quantifiers are on the left of the verb in a sentence. For 

example in the following phrase 

[kreeSSa gr lgala TUfe]VP 

yesterday night came 

the ve rb is found at the end of the phrase while the words as adverb "kaleessa" and "galgala" 

are on the left in the phrase. Thus the output of this phrase in the following sentence looks 

like the following figure. 

"Tulluun kaleessa galgala dhufe, " 
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~ 
NP 

ADVP V 

/~ 
ADV ADV 

Figure 4.4 Parser output of a verb phrase 

Table 4.3 parser outpul/or lite above verb pI/rase 

Stem Category Num Oen Case Tense Affi x 

Name 

Tulluu N SO M NOM n 

ka leessa ADV 0 

galgala ADV 

Dhuf V SO M PAST E 

TENSE 

As indicated under the sub topic of parsing of noun ph rases. verb phrases are headed bv 

verbs in that phrase. In addi tion, there are attributes that are unique to verbs. For example, 

tense is unique to verbs. The att ri butes and attribute va lues of Oromo Verbs are indicated in 

the table below. 
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Table 4.4: Attributes and values of aflributesfor verbs 

Category: Verb 

Attributes Gender Num ber Tense 

Val ues {m, f) {sg, pi} { 1,2,3,4,5,6LY
} 

In th is study, while parsing verbs. all the above attributes are identified by the parse r. That 

is, distinction is made between verbs based on their numbers, genders and tenses. In the 

following sentence the verb phrase can be displayed as in the table 4.5 in the output of the 

parser. 

Namionni sunnlin [[dhUfrlVlVP. "Those people came ." 

Peop le those came 

Table 4.5. The Oil/put of the abo\'e seJ71ence 

Stem Category Num Gen Case Tense Affix Name 

Nam N PL NOM 00, nnl 

Sunniin AD] PL NOM 0 

Dhuf V PL PAST an 

As can be seen from the above tab le, the tense and number markers are stripped off from the 

verb before the output is di sp layed. Note that in the above example the tense marker is not 

visib le. Gender and tense markers are visible when the verb is singular. 

29 The numbers indicate the six tenses in Oromo. For details see Baye( 1986) 
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In this study auxiliary verbs are parsed as AUX after a verb phrase reached terminal node in 

a sentence. The AUX indicates auxiliary ve rbs in all i"orms. Verbs that are parsed as AUX 

include the following. 

:;. The word dha "is" j ira " is" qaba "have/has" and ture "was" 

:>- All forms of dha, jira and lure. 

:;. A ll forms of the negatives ofdha and ture (miti "not". hinturre "was not" ). 

When there is auxiliary verb in a sentence. ve rb phrase is attached to its complement. In such 

cases, the morphological analyzer is used before parsing process begins. Afte r the aux ili ary 

verb is detached from its complements by the morphological ana lyzer, the verb is parsed as 

AUX. Thus, the following sentence is parsed as 

Injli [[baTiSaa]N P [dlia] AUX]VP 

H teacher is 

It should be noted again that in parsing of V and AUX, the attributes of verbs indicated 

abo ve are identified. That is. the parsing for V and AUX indicate the tenses. number. gende r 

of verbs except for person and polarity. 

In this study, compound verbs are hyphenated while writing so that the parser identifies 

them correctly. Such verbs include 

:;. A verb + j ira 

:;. A verb + ture 

:;. Infinitival s and all their other forms 

Here is an example 
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Inni dht'fee jT 

Je came has 

"He has come." 

In the above example, the phrase dhufeejira "has come" is given as dhufee-jira to the parser. 

This paper does not deal with all types of tenses. It deals only with past tense . The other 

tense are treated (parsed) as OTHER TENSE. The inclusion of other tenses and their 

characteristics may avoid such problems. Moreover, such verbs can be captured ira tagger is 

used as a pre-processor to the parser. Moreover, the paper did not address infinitivals and all 

their other forms for there is a complex morphophonological process carri ed on them, which 

is not possible to handle such process with the current parser. 

r Verbs other than in the past tense are parsed as V but with a tense feature of OTHER 

TENSE like in the following sentence. 

Inni barumsa [danda'a]V "He can learn." 

The tense and gender marker in verbs are not the characteristics of auxiliary verbs. Rather 

they take another verb like jira and ture. 

4.6 Parsing for Adjective Phrases 

Adjective phrase in Oromo is made of an adjective as headword and other constituents like 

another adjective and adverb. The headword in adjective phrase is found on the left of the 

phrase whereas; the other constituents come on the right of the head word in the phrase. See 

the following for the di scuss ion . 
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Namichi mucaa [guraacha kaleessaJAD1P 1haane. 

bO)" I I I 

"The man hit yesterday's black 

Man boy black yesterday hit 

In the above sentence, the phrase guraacha kaleessa "yesterday' s black" is an adjecti ve 

phrase and can be represented as the following tree format. 

~ 
NP 

AD1P Y 

/~ 
AD.! AD.! 

Figure 4.5 Parser output ofa adjective phrase 

Table 4.6 parser oulpullar Ihe above adjeclive phrase 

Stem Category NUI11 Gen Case Tense Affix Name 

Naill N SG M NOM n 

Mllcaa N SG M ACC 0 

GlIraacha AD.! SG M ACe 

Kaleessa ADY 

Dhaan Y SG M PAST E 

As JJ1dlcated above the head word JJ1 adjecti ve phrase IS an adJective. Adjectives in Orol11o 

have properties indi cated in table 4.7. 
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Table 4.7: Altribules and allribule values of adjectives 

Category: Adjective 

Attributes Gender Number Case 

Values {m, f) {sg, pl} {NOM. ACC} 

Adjectives are parsed as ADJ along with their attributes in this study. Thus, the parse ADJ is 

used with all its features indicated in the above table 4.7. Adjectives are parsed as ADJ 

whereas adjective phrase as ADJP in this wo rk. The following sentences are some examples 

that illustrate parsing of ADJ and its phrase. The same is true for adj ecti ves of hav ing 

attributes indicating subject marker which is proj ected from the noun phrase it modifies as 

disc ussed in chapter three. Thus. the process is applied on adject ives in removing subject 

marker which is the same to noun phrase. 

Inni nama [[guraacha]A DJjADJP 

Manni Slln [[bareedaajA DJjADJP -dha 

" He is a black man." 

" His fam ilies are kind." 

Some adjectives are Com pound adjectives, as discussed in chapte r three . i.e .. they can either 

be attached to other words (the two words, forming a compound, word not separated) or 

multiple word combinations. Compound adjectives are assigned the parse ADJ once at the 

end of the compound adjectives (i.e. mu ltiple word combinat ion) rather than to each 

component of the compound adjecti ves. Compound adj ectives that are not multiple wo rd 

combinations are assigned the parse ADJ , like an adjective that is not compound . Here are 

examples on parsing compollnd adj ect ives. 

Abbabaan [[harka-qallaa]ADJ] ADJP -dha "A bebe is poo r. " 
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N itiin [[milk-dhaabeelliijADJjADJP -dha "the lady is unlucky." 

~ Numera ls in a sentence mostl y function as an adjective. The parse ADJ is assigned for 

such numeral s, as in the fol lowing 

Baraataa [[tokkojADJj ADJP qofa kutaa keessa jira. "There is on ly one student in a 

Namni [[ lamajADJjADJP walgettirratti argame. "There were two peop le on the 

meet ing. " 

There are some adjecti ve phrases whi ch appear as compound words with wh ich conjunctions 

attached . In such cases, both adjectives are given the parse ADJ in the adjective phrase. 

4.7 Parsing Adpositional Phrases and their Problems 

Postpositiona l (Ad positional) Phrase (PP) is formed from a noun and an affix - Calf in 

Oromo. The word "naaf' is an adpositional phrase and {-(a)f is a morpheme used as a post 

position to form the phrase. In such cases, adpositi ons are detached from their noun by a 

morphologica l analyzer. The terminal node is then ·ti·cated as noun and adposition I'rom len 

to right after the morphological analyzer is applied on the phrase . The label PI' is used for 

adpositiona l phrase in which the affixed adposition is used as head of that phrase. 

Adpositional phrase is not only made up of noun and adposition as suffix but also pronouns 

are also used in place of nouns. This phrase is used 'in indirect object position in a sentence 

of Oromo. Thus, detach ing is carried out before it is used as input the parser. 

Ij111i kiTaba naaf (parsed as na N af P) bi r 

J e book t) me bought 
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For instance, in the sentence Tulluun kitaaba [naaf] pp bite "Tullu bought me a book", the 

word naaf " to me" is composed of the adposition -af " to" and the pronoun na "me" . But, the 

whole word naaf belongs to the adpositional phrase category. 

In Oromo language, there are quite a large number of words, like na-aL that are adpositional 

phrase. In parsing of such kind of phrases a preprocessor, the morphological analyzer, is 

used. Thi s pre-processor separates the adposition af and the pronoun na , and inputs these as 

equivalents of na-af to the parser so that the parser parses the word na-af separating it as 

[naJPro [af]P. 

Adpositional phrase may ha ve independent wo rds which act as phrase in Oromo. Such kinds 

of words do not have any problem at phrase level because they can be parsed as PP 

(adpositional phrases). Hence , the lexical category adposition is given to the constituent 

which act as head of that phrase in adpos itional phrase. 

In this study, adpositions are parsed as P, as in the following. Moreover, such kinds of words 

do not have an y problem at phrase leve l because they can be parsed as PP (adpositional 

phrases). 

[[kara]P mana ]PP deeme. "He went to his home." 

However, there some problems that the parser encountered whi le parsing. For example, in 

the following example , the word waliin "with" has a final letter n, which conflicts with the 

rule of subject (nominative) case for nouns and adjectives. Thus, the parser detaches the 
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morpheme -D by treating it as nominati ve case marker and parses the wo rd as adjective or 

noun. 

"Tull u came with Aster.'· 

Tullu Aster with came. 

In this study, the adpos itional phrase, PP, has two form s of morpheme as adposition. These 

are {-af} and its other form {-f) when the final word has long vowel as in the following 

examples. 

Hojjii naaf barbaade. "He searched a job to me." 

Inn i Abbabaaf mana ijaare. "He built a house to Abebe." 

As indicated above, in treating adpositional phrases, a morphological analyzer is used as a 

preprocessor to separate adposition from nouns or pronouns. Then the output of the 

morphological analyzer is given to the parser to determine its lex ical category. 

Eleemoonmana haadhaa[fJ bite. "Elemo bought a house to his mother." 

/ '\~ 
Elemo (noun) house (noun) t11other(noun) lo(adposition) bought 

~ Some times it is difficult to separate the adposition from their host in an adpos itional 

phrase. Thus, parsing the adposition together with the host to which it is attached with 

the label of a noun or pronoun headed by adposition (i.e. PP), and the adposition put 

after the noun separately with appropriate parsing. Here are some examples 

Inni [makiinaa[dhaanJPJPP c1hufe. "He came by car" 

Ishiin [farda[anJPJPP c1eemte. "She went on horse back." 

The second aclpositional phrase is very difficult to separate it from the nouns. This is because 

the rule given to the morphological anal yze r does not handle such affixes . It was also tried to 
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include the rul e for these two cases as special but it again conflicted with the subject marker 

in a sentence. 

Note that, the same wo rds are treated as adverbs by Baye (1986). Kara 'to' and so on are 

treated as ad verbial nouns. The ex istence of such words representing different categories 

without changing their form creates a great problem to the parser. So, all such types of wo rds 

are treated as adpositional phrases in this paper in all their existence at word leve l. 

4.8 Parsing of Adverb Phrases 

As di scussed in chapter three, Oromo adverb phrases can appear as 

~ distinct primitive or compound adverbs appearing as one word (e .g. amma "now", daf 

"hurry up", kanaafuu "Therefore", har'a "Today.") 

~ many adverbs acting as a phrase (e.g. kana malees "in addition". xiqqo xiqqo "pi ece by 

piece" ) 

~ compounds of adposit ion and other words appear ing as one whole word. ca ll ed adverb 

phrase (e .g. assi rra= as(ADV) "to" + irra(adposition) ·'above"). 

~ short adverbial clauses (e.g. haata'u O1alee inni bqrsiisaadha .) 

~ As gerunds used as adverbs and so on 

In the first two cases, parsing is straightforward: all adverb phrases are parsed as ADVP 

(adverb Phrase) that appear as multi wo rds. There is a case when a single wo rd acts as a 

phrase at non-terminal level but ass igned the parse ADV at the terminal node . See the 

follo wing examples 
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inni [kaleessa galgaala]ADVP biyyaa dhufe 

YeJterday niJht 

"H e came yesterday from his cou ntry." 

The treatment d iscussed under adpositions cons ist ing of two parts is applied in the third 

case. This is for the purpose of consistency with earlier discuss ion. An adpositional phrase is 

headed by adpositions . Thus, instead of treating the following words as adverbs separately, 

they are treated as one word separated by a hyphen between each compound adverb and they 

are parsed as ADVP. The fo llowing ill ustrates this . 

[Kana maleeslADVP 'however' inni kitaaba bite. "They engaged in production after the 

battle went off" 

Short adverbial phrase (noun + P or ADJ +P ) can either be parsed as ADV or the parse for a 

noun or adjective headed by adposition , i.e. NP or ADJP. In this thesis. adverbial phrases are 

assigned the parse ADVP or ADJP depending on whether the adposition is attached with a 

noun or an adjective . 

Inni muka [[bira]ADV]ADVP ciise '"He slept near a tree." 

Note that a morphological analyzer is applied on the input worcl of the sentence before it is 

given to the parser in similar way to other phrasa l categories in cases when affix is attached 

to an aclverb as in the above example. Adverbs suffixed with conjunction are al so parsed as 

ADV, as in 

[[Yeroo ammaa]ADV]ADVP gotee bulaan haala gaari-[irra]ADV jira. 

"These days fanners are doing wel l. " 

Days of the week will be assigned the parse ADVP if they appear as an adverb in a sentence. 

as 1I1 

Inni [[Dafiinoo]ADV]ADVP dhufe "he came on Monday." 
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In thi s work, the use of ADV is app li ed more generally, and as such it does not different iate 

among such adverbs as adverbs of time, place, manner and so on. 

4.9 Problems with Compound Words in a phrase 

In Oromo language nouns, adjectives, adverbs, verbs and conjunctions can appear as multi 

words. Here are some examples. 

Mana buna 

Haa ta ' umalee 

Kana 111alees 

Dhufee jira 

"Bar'\ a nOlln 

·'However", a conj unction 

"in addition" 

"has come", verb 

The above li s ted words functi on as one wo rd in terms of their meanll1g. Thus, on ly one 

category should have been assigned to such multi words. Such cases for nouns, adjectives 

and verbs are already considered when dealing with compound nouns, adjectives and verbs. 

But, there is a need to general ize such special cases. For instance, the multi word mana 

bunaa "bar" in the sentence Tulluun [mana buna] NP guddaa qaba . "Tullu has a big bar." can 

be parsed as NP phrasal leve l bu t it shou ld not also be parsed as Tulluun [mana] N [buna] N 

guddaa qaba at word level. Simi larly, haa ta ' u malee in lnn i baraataa ture [haa ta'u ma lee] 

ADV hi yyeessa should not be parsed as Inni baraataa ture [haa] ADV [ta ' u] ADV [malee] 

ADV hi yyeessa . The followi ng so lutions were used to so lve the problem s at wo rd le ve l for 

every lexical category, 
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In this study. the words are treated according their phrasal category by putting a hyphen 

between each such kind of words. This is because it was difficult to parse these words with 

current technique. 

4.10 Parsing of Conjunctions 

Conjunctions are not treated as independent lexical category but under adposit iona l ca tego ry 

and hence have no phrasal category. Thus. they are treated at word level at which they are 

parsed as CONJ. This is the case when the meaning of conjunction and adposition is 

different. In such cases parsing them differently becomes important. Efforts have been made 

to parse conjunctions as they are in a sentence but there are some problems. Among the 

problems that wi ll be encountered while parsing conjunctions are the following. 

>- Most of the conjunctions are also adpositions. That is, the same word can be used as both 

conjunction and adposition (see conjunctions and adpositions under chapter three) . 

>- Conjunctions may be found attached with other lex ical categories (e .g. nouns, ve rbs. 

adjectives and adverbs). Here are some examples. 

Tulluun-[fi] CON] Caalaan dhufan. "Tullu and Chala came." 

t t 
noun conjunct ion 

In such cases, all conjunctions are parsed as CONJ after the morphological analyzer is 

applied on the input word to separate the conjunction from the adjective. adverb. noun or 

verb category. After the morphological analyzer separated the conjunction from its host. the 

output is given to the parser to assign the word of the output to its lexica l category. 
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However, the morphological analyzer fails to strip the conjunction from the word it attached. 

Thus, in that case, the word receives the category of the host for conjunction. Moreover, 

conjunctions may be parsed as adposition at word leve l and hence accepted as it is because it 

is impossible to distinguish between the two at this level. Research should be carried on th is 

Issue. 

);> Conjunctions may appear distinctively as separate sing le words. Such conjunctions pose 

no problem and are assigned the parse CONJ, as in the following. 

Buddeena (moo)CONJ dabboo barbaadda~ "Would you like injera or bread." 

Abbabaan [Yookiin)CONJ ilmi isaa har'a dhuii.l. "Abe be or his son will come today." 

);> Conjunctions may appear distinctively as multi words. Such cases may be treated as per 

the discussion for multi words. That is , the multi word is parsed the parse CON] once at the 

end of the multi word rather than parsing the components separately after they are separated 

by a hyphen, as in the following. Note that these words may also be used as adverbs. 

Inni baraataadha [haa-ta ' u-malee)CON.I nama isa gargaruu hinqabu. "\-Ie is a student 

I but has no hel per." 

but 

);> Conj unctions may appear as compound conjunct ions which consist of two parts, as for 

instance, in 

[Erga) du'anii booda dhufe "He came after their death" (e rga ... booda) 

utuu isaan hinbariin qorataaman "without their knowledge, they took the 

exam" (utuu ... 0) 
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[n such cases. the solution selected is to parse the whole phrase as one and ass ign the noun 

phrase since they are no other lexical category to which conjunction is attached. 

4.11 Parsing of Numerals 

Numerals are mostly used in the sense of an adjective or a noun. I f the numerals are used in 

the sense of adjective, they are parsed as ADJ, as in 

Namni [afur] AD.J kaleessa dhufan. "Four men came yesterday." 

The parse ORO is assigned to the Oromo ordinals such as tokkoffaa ·'first". shanaffaa "fifth" 

and so on, as in 

Caaltuun [shanaffaa]ORD bahe "He stood fifth ." 

Compound numbers such as dhibba lamaf kudhan "two hundred and ten" or kudha shanaffaa 

"fifteenth" may require special treatment. Two alte rnatives where considered in this study to 

handle such cases. The first alternative is to treat such numerals as multi words and hence 

assign only one appropriate parse form ADJ, ORO or CRD, at the end of the multi word. 

The second alternative is to ass ign each component of the numeral an appropriate parse . [n 

the following examples, (a) refers to the 1i rst and (b) the second . 

I a. Nama [dhibba lamaaf kudhantu]ADJP dhufe. "Two hundred and ten people came." 

b. Nama [dhibba]ADJ [lamaafJADJ kudhantu]ADJP dhufe. "Two hundred and te ll 

people came." 
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From the two alternatives , the first (option) is used to parse such compound numerals by 

putting hyphen between each numera ls for the same reason described for other lexical 

categories with simi lar problem. 

Adpositions may also appear being not separated from numeral s as in the examples bel ow. 

Gryaa lalrafhOjii dh iise. 

DJy for two 

"He was idle for two days" 

Guyyaa lamaan booda deeme. "I-Ie went after two days." 

In such cases, since the words function as an adjective, they are assigned the same parse as 

numerals that funct ion as an adjective, as in the follow ing. 

Guyyaa [lamaafjADJ hojii dhiise . " He was idle lor two days ." ." 

Guyyaa [lamaan]ADJ booda deeme. "He went after two days." 

The case of distributive numerals, as in below may require special treatment. 

Qarshii lama lama ofharaka qabna. "we have two birr each" 

In such cases, distributive numerals are assigned the parse CRD once at the end of the multi 

word for the distributive numerals are more of nouns as they indicate the English one , two. 

three and so on as in 

Qarshii [lamalCRD [lamalCRD ofharaka qabna. " We have two birr each ." 
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4.12 Parsing for Interjections 

According to Baye, inte ljections are not treated as words that are at word or phrase leve l, 

and as such they do not fall in any of the Oromo lexical categories. Thus, a specia l parse for 

them is assigned as TTl The following is an example of parsing interjections. 

[Baga]lTJ I dhuftan. "welcome." 

4.13 Parsing of Punctuation 

The white space and the comma are used as a delimiter to identify individual words in a 

sentence written in Oromo in this study. Moreover, the following marks are also used as 

marks which sign the end of a sentence in Oromo: the full stop (.) with declarative sentence, 

the question mark (?) with interrogative sentences and the exc lamation mark e!) with 

command sentences. During parsing these punctuation marks are discarded from the parsing 

process since they have no importance. 

4.14 Summary 

This chapter (and the next chapter) is central to this study and has discussed the data drawn 

for Oromo language based on the analyses made in chapter three. But these data were 

enough for they included the main categories that should be addressed . These data are useful 

for knowledge acquisitions, i.e. to represent the st ructura l or linguistic info rmation contained 

in the NLP considered. 
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The next chapter discusses issues on parsing algo rithms. interface des ign. creation of 

database (the knowledge base), and the actual experiment conducted. 

84 



CHAPTER FIVE 

Sentence parsing Algorithm and the Experiment 

5.1 Introduction 

The previous Chapters presented the lex icon, the grammar rule and other informati on used to 

serve as a tool for the preparat ion of the parser knowledge base. 

Thi s chapter di scusses the actual and major tasks invo lved in the process of automated 

parsing. Among the tasks discussed in this chapter are preparatio n of the knowledge base, 

design of the database and the interface and the development of the prototype. 

Discussions in some deta il are also made on the parsll1g algorithms , the experiments 

conducted and the results achieved on the small sample co rpus used for the experiment. The 

chapter begins with the di scuss ion on the sample text used for the experi ment and the 

manual parsing process . 

5.2 The Sample text and the Manual parsing Process 

For the purpose of the experi ment conducted , a sample narrative text of two pages consisting 

of 352 sentences in Oromo was obtai ned from "SeerJuga Afaan Oromoo" by Askale ( 1997). 

Thi s sample was se lected since it was prepared with the aim of testing students' knowledge 

of Oromo grammar and, thus, it is comprehens ive and has also a direct relevance to th is 

study. The handout is used as a reference for the course Oromo Syntax in the Department of 

Ethiopian Language and Literature. Oromo Unit. The study was limited to such smal l 
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sample for no text annotated with grammatical catego ri es was available and it was also 

laborious, expensive and time consuming to manuall y parse a large corpus. In add ition. 

preparation of the Lexicon and Grammar Rules fo r large co rpus requires ex pense and time 

apart from the fact that it is demanding. The sampl"e text was given to two linguists (o ne 

nati ve speaker of Oromo and one non-speaker). There were some di fferences between their 

parsing and thus a consensus was made to get one parsed output of the text. That output was 

used for the experiment. 

5.3 Preparing the Sample Data for the Experiment 

The sampled data was di vided into two sets; the training set (taken [rom the li rst page of the 

sampled tex t until it reaches 85 % (300 nodes in the text) of the total sample) and the testing 

set (the 15% left at the end of the text). The training set consists of 300 nodes of sampled 

from the text selected . A sample of the tcxt taken is found in the appe ndix by the name 

sam ple text. During the preparation of the experiment, the punctuation marks (. , ~) that 

appear in Oromo Text are avoided. 

5.4 Evaluation Procedures 

For the purpose of thi s research, only the percentages of correct Parse ass ignment to measu re 

the perfo rmance of the Parser. 

The follo wi ng were the procedures followed during the ex perimen t to evaluate the 

performance of the Parser. 
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I . The Parser was Iirst trained on the trai ni ng set obtained earl ier. The Parsing algorithm, the 

tree construction algorithms and morphologica l analyze r (where necessary) were then run on 

the training set to see how well the Parser performs on the training set. 

2. The resu lt obtained on the training set was then eva luated by comparing it with the 

manually Parsed text used as a training set. Aiming to improve the Parse r accuracy, causes 

of error were identiIied and corrected and step one was repeated again. These two processes 

repeated until the result obtained was found to be effi cient, i.e. Parse ass ignments of the 

manually and automatica ll y Parsed sentences were more or less the same. 

3. The Parser was then tested on the test set, called test text, obtained earlier. This test text is 

essential for it helps to see the generality of the technique used. The test text help to see how 

well the algo ri thm and hence the system works in predicting the new or unknown words in a 

sentence. 

4. The output of the Parser on the test set was then compared with the manually Parsed 

training set. 

4. Step 4 (and also step 2 and 3 if found necessary) was repeated by 

identifying and correcting errors until the test set Parsed man ually and 

automatically were fond to be almost the same. 
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5.5 Lexicon Preparation and Component Building 

The actual data preparation processes carried out to design the knowledge base fo r the parser 

di scussed in this section. 

5.5.1 The Lexicon 

The lexicon des igned as a knowledge base is prepared by using the criteria forwarded by 

Singh (1991); Biber (1998); Samrin (1967) and Allen (1995). The words not in the lexicon 

are updated by the parser it se lf. Some of the cri teri a these people suggest are dialectical 

uniformity (all the data in the corpus must represent a single dialect). the corpus should 

consist of natural wo rds (accepted (grammatica l) wo rd structure by the native speaker). 

Varied (consist of various lexical categories in the language), Complete (all the closed and 

functional system of the words must be included), Repetitious (repeating words that exist in 

different categori es in the database) and interesting (a corpus which can be used aga in and 

again). Moreover, they comment on the number of the corpus in the database. In th is study. 

attempt was made to fo llow these criteria while designing the lexicon. 

Based on the analys is of Oromo tex t, the lexicon designed in figure 5. 1 was prepared. This 

lex icon serves as a basis of evaluation of the training set designed. thi s is because some of 

the words in the lex icon are taken from the training set of the sampled text. 
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Figure 5. 1: sample Lexicon in knowledge base 

I Stem Calegory number gender case tense Source 

dha AUX 0
1 

I 

jdeem V SG M PAST 
I 
I 
IAbbabaa N SG M ACC 0 

I 
jMana IN ISG 1M IACCI 

I 
0 

I 
ISaree N SG M ACC I 01 

I 

, 

i 
lbarsiisaa IN ISG 1M IACC 0 

Inama N SG M ACC 0 

i 
Iguraacha ADJ SG M ACC 0 

i 
I 

iBire-T--r° ---r i---rPAS=rr-O 

kitaaba IN ISG 1M IACCI 0 
I 

! I 

lisa IN ISG IM·-l~-r 0 

ilShii l N ISG IF IACC 0 

Ilchi ART SG M 0 

I 
lWaame V SG M PAST 0 

!Nyaat V SG F PAST 0 

I i 
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The lexicon in fi gure 5. 1 is part of the enti re lexicon; named here on Lex icon, designed for 

this study. From the lex icon above or the ent ire lexicon designed; one can see that the 

column provides information on the attributes of a given word in the lexicon. For each entry 

in the lexicon, the lexicon holds information on the featu res (attributes) that wo rd may have 

when used in a sentence. As shown in the above tab le, there are five features that a word 

may have in a sentence. If the word 'deem' [the root form of the word go 1 is incl uded in the 

lex icon, then it has the fo ll owing features: Stem, NUM(BER). GEN(DER), TEN(SE) and 

SOURCE. 

The word SOURCE in the lexicon refers to the data source, i.e" whether the word is already 

in the Knowledge Base or the parser has added it as a new word into the knowledge base 

after predicting its lexica l category in a sen tence parsed. If the word lexical category IS 

predicted by the parser and afresh added to the knowledge base then it wi ll be ass igned I, 

otherwise if the word origina ll y in the knowledge base it is assigned O. 

5.5.2 Grammar Rules 

Based on the study of Oromo phrase structure, a grammar ru le table was designed. This 

grammar rule tab le is the core component for the training set des igned and then to construct 

tree out of the input sentences. There are two grammar tables in the database: 

GrammarRules and MappedRu les 

Table 5.2 below shows the design of the grammar rule in the da tabase . In add ition to the 

grammar ru le in the database there is what is ca ll ed Mapped Rule. The parser itse lf whi le 

90 



reading the grammar rule from the database automatically creates thi s mapped rule. The 

purpose of thi s mapped rule is to control Recursive rule in the mai n grammar rule. Thus, the 

fo rmat of this mapped rule is si milar to the gra mmar rule except th is rule adds additional 

column for ParentlD, which assigns index for the parent of the rule from which this mapped 

rule is derived. 

FIGURE 5.2 Sample Grammar Rule in the database 

LHS RHS 

S NP VP 

NP N AD] 

VP NP V 

NP N 

The grammar rule contains the LH S (Left Hand Side) ru le which contains the non-terminal 

node in tree construction. On the other hand the RHS (Ri ght Hand Side) rule conta ins 

constituents of the phrase rule on the left hand side. As pointed out earlier in chapter two, if 

the parser encounters rule of the fol lowing kind. it creates it s own rule under the name 

Mapped rule to control recursiveness in the ru le. The following rule is mapped to VP N_ V 

after the parser reads the constituents of NP from the database based on the above tab le . 

VP NP _Vis changed to VP V 

Therefore, the mapped rule helped the parse r not to enter an infinite loop as a result of 

recursive rul e. Some people (including Allen 1995) recommend to avoid (o r replace with 

basic rule instead of derived ones) recursive ru le from the grammar rule. 
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5.5.3 Affix List 

Another table designed in the parsedb was the affix li st table. The affix list in the database 

provides information on the affixes attac hed to a word during word's inflection for number, 

tense, gender, case and so on. Hence, thi s table contains the information of whic h affix is 

associated to which lexical category in a sentence. Moreover, it tell s whether the affix 

attached to the word is at the initial , middle or final position of a word. Table 5.3 shows a 

sample of the AffixList table. 

FIGURE 5.3 the format a/Affix list table in the database. 

AffixName Its Association Its .position 
-ota N , ADJ Final 
-Oota N , ADJ Final 
-E V Final 
-T V Final 
-N N Final 
-Ni N , ADJ Final 

5.6 Database Design 

To store the words in the lexicon. grammar rule, Affix list and mapped rule, a database with 

four tables was constructed. Figure 5.4 shows the database schema designed for the Oromo 

sentence parser developed as a prototype. 

Figure 5.2 Lexicon and CrammarRule database schema 

Lexicon 

I Stem I NUM I GEN I CASE I TEN I SOURCE I 
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GrammarRule 

LHS RH S 

MappedRule 

I LHS I RHS I 

AfJixlist 

Morph ASSOCIATION Its Assoc iation 

The mapped Rule table was designed to control recursive grammar rules in the language on 

both left and right hand sides. As soon as the parser encountered any recursive rul e in the 

GrammarRule of the database, the parser splits that recursive into its consti tuents without 

violating the grammar rule of the language. In this figure 5.2, Lexicon is a list of words 

along with their lexical category and all features in the database. The table LEXICON field 

with data is found in the figure . 

A database des ignated by the name ParseDb was then created to store the information in the 

four tables using Micro Soft Access. The structure of the four tabl es is shown in Figure 5.5 

below. 

Figure 5.3: Sentence Parser table designs 

Tab le name: Lexicon 

Field Na llle I Field Type I Fie ld size I Description 
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Stem Text 30 

Category Text 5 

Number Text 2 

Gender Text 2 

Case Text 4 

Data source Number 3 

Table name: GrammarRules 

Field Name Field Field size 

Type 

LHS Text 5 

RHS Tex t 20 

Table name: MappedRules 

Field Name Field Type Field Size 

LHS Text 5 

RHS Text 20 

Index N umber 5 

Parentlnd Text 5 
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Table name: Affix List 

Field Name Field Type Fie ld Size 

AffixName Text 20 

Its association Text 4 

Its Position Number 1 
0 -

5.7 Parsing Algorithms 

This section presents the chart and other al gorithms used to develop Oromo sentence Parser. 

The foll owing secti on discusses the a lgo rithm used in thi s stud y. A deta il ed di scuss ion on 

how these algorithms work is found in A ll en (1995). A modul e is also di scussed fo r the part 

that actuall y performs the Parsing. 

5.7.1 The Sentence Extraction Algorithm 

The sentence extrac tion algori thm is in itiated when the button labe led Open Fil e to parse 

from fi le is pressed. In thi s al gori thm , the input string is ini t ia li zed. There is a lso a sente nce 

counter which holds the position of the sen tence for parsing. After the input stri ng is ready, 

the word extraction is called to split the complete word into sentence constituent parts. This 

function removes all the spaces and linefeeds. The word extraction algorithm splits the 

words based on the space between each word. After the word is extracted from the input 

sentence, the chart parsing a lgo rithm is invo ked w hich s ta rt s parsing the wo rds in the 

sentence into its phrasal and lexi cal ca tegori es . But be fore it starts cons tructi ng the tree for 

the parsed sentence, the parsing al gorithm call s the morpholog ica l analayzer which dea ls 
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with the agreement of words in the sentence. detaches the morpheme from each word to get 

the stem. Finall y the tree construction is ca ll ed and the tree is construc ted together with the 

grid tab le which di splays the information required after parsing. The block diagram below 

shows the parsing of the algorithm designed. For detail ed descript ion of each box and the 

process involved see the Appendices (B-F). 

Input 
sentence 

The Sentence 
Ex traction 

The Word 
Extraction 

The Chart 
Parsing 
Aluorithm 

Tree 
Constru ct ion 
Aluo rithm 

Figure 5.4 T he Parsing System 

Output of 
the Sentence 
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5.8 The Interface Designed 

A sample of the interface designed for the sentence Parser application program is found in 

the appendix by the name Interface. When the Oromo sentence Parser application program 

run, the Orol11o sentence Parser window will be di splayed . This is in fact the main interface 

that will be displayed when the app li cation program runs for the tirst time and it persists 

until the program is ex ited. This window has three buttons at the bottom, just below the 

menu bar. Below is a brief description of each of these three buttons 

The Parse From Fi Ie button 

Clicking this button displays the Parse From File dialog box. This dialog box allows a user 

to Parse a text written and saved in a ti le . 

I. The Dri ve. Director and File boxes in the dialog box allow the user to specify the path 

and file name of the file to be Parsed . 

2. Pressing the Parse button Parses each word III the specified file starting from the 

beginning of file (BOF) to the end of fil e (EOF) and displays the Parsed text in the 

output box, labeled Parsed Sentence. 

3. Pressing the Save button allows to save the Parsed text in a file by the name and path 

specified. 

4. The progress bar indicate the progress of Parsing wh i Ie the Parser Parses sentences in 

the fi Ie speci fied 

5. the Next button takes user to the next sentence to be parsed from the file 

6. The Back button returns the user to the sentence before the current sentence under 

the cursor. 

97 



The Parse Sentence-by-Sentence button 

Clicking this button displays the Parse from File Sentence by Sentence dialog box. This 

dialog box allows the user to parse sentences in a specified file starting from the BOF to the 

EOF, but displaying one sentence at a time. 

I. The Drive, Directory and File List boxes works as described ea rli er 

2. Clicking the Start button, activates the continue button and di sp lay the first sentence 

extracted from the file in the Unparsed Sentence Box (USB). 

3. Pressing Parse , Parses the sentence in the USB and display the Parsed sentence in the 

Parsed Sentence box (PSB) and also writes the Parsed sentence by open ing a file 

4. Press ing continue, clears the content of the US B and TSB and then di splays the next 

sentence extracted from the file. 

5. Clicking the Parse button again does what is described in step 3 above but this time 

append ing the Parsed sentence in the fil e opened in step 3. 

6. Step 3 and 4 will be repeated until all sentences in the file are exhausted . 

7. Press ing the Save button allows the content of the file opened in step 3 to be saved by 

the name and the path specified. 

8. The Back button returns to the main screen from anywhere. 

9. The Progress Bar functions as described earlier 

The Parse Typed Sentence Button 

Clicking th is button displays the Parse Typed Sentence dialog box , which allows typing a 

sentence directly into the input box and parsing it. The buttons in this dialog box works as 

follows. 
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I . The input Box labeled wr ite Sentence to Parse is where the use r types the sentence 

(or word) to be Parsed. 

2. The output Box labeled Parsed Sentence is where the Parsed Sentence (or wo rd) is 

3. Pressing the Parse button Parses the sentence (o r word) in the input box and displays the 

Parsed sentence (or word) in the output box Displayed both in the tree fo rm and grid 

form to di splay all the information of avai lab le words in the sentence. 

4. The Refresh button, clears both the input and output boxes. 

5. The Back button and the progress bar function as exp lained before. 

The Ex it button 

Clicking thi s button closes and exists the Sentence Parsing application program 

5.9 The Experiment 

As out lined in the evaluation procedure the experiment for this stud y was carried out in two 

phases , experiment on the training set and TestSet. 

5.9.1 Experiment on the Training Set 

[n thi s phase, the Parser was fir st trained on the sample sentences selected from Oromo 

Grammar book, which is used as TraingSet, and was then run on the same data. i.e. 

TraingSet. Errors discovered at this stage were more of human than the parser itse lf (e rrors 

made during manual Parsing of the ManuParsedText and in the preparation of 

GrammarRules and Lexicon), the ManuParsedTex t, GraillmarRu les and Lex icon were 

reviewed making corrections where necessary (for about twenty one times) . The Parse r was 

then retrained and the test redone aga in on the TraingSet. The final results obtained before 
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and after such correct ions were made were then reported under results of the experiment. 

section 5.9 . 

5.9.2 Experiment on the Test Set 

[n this phase, the prototype of Oromo language, which was trained on the training set , was 

run on TestText. The final result achieved on testing the Parser on the unseen part was then 

reported under results of the experiment. 

5.9.3 Result of the Experiment 

The following section discusses experiment carried on the traini ng and test sets . it a lso 

describes the result (before making no correction and after making corrections to the lex icon. 

gram mar and the algorithm) on the training set. 

5.9.4 Result on the Training Set 

The result obtained when the Parser was trained and run on the same data. TraingSet, IS 

shown in table 5.1. 

Table 5.1 Parsing result before making no error correction 

Data/set No of sentences No of erroneously parsed sentences Acc uracy 

TrainingSet 300 48 84% 
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As one wou ld expect the accuracy achieved should be high when a Parse r is trained and 

tested on the same data. But , due to human made errors the accuracy was not as hi gh as it 

was expected 

The final accuracy obtained after human made errors are identified and corrected is shown in 

Table 5.2 below. 

Table 5.2 Final Parsing result on the training set afier human made errors are corrected 

Data/set No of sentences No of erroneously parsed sentences Accuracy 

TrainingSet 300 15 95% 

As can be seen from tab le 5.2 the resul t achieved after correcting human made errors 

indicates a better, in fact a high, accuracy. 

5.9.5 Result on the Test Set 

The test on the unseen part of the training corpus provides the result shown in table 5.3. 

Tab le 5.3: Parsing result on the test data, i.e. TestSet 

Datal set No of sentences No of erroneously parsed sentences Accuracy 

TestSct 52 6 88.5% 

The result obtained when testing the Parser on the tes t set is approximately 88 .5% . Th is 

experiment indicates that the acc uracy level achieved using the small amount of training set 
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is rather acceptable. Thus, the Parser developed seemed acceptable with such accuracy 

assuming the ManuParsedText as the whole of the world knowledge. 

5.10 Discussion on the Error Analyses 

During the experiment the following causes of errors were identi li ed 

I. Human made errors during the manual Parsing process were identified to be one cause 

for wrong Parse ass ignments. Especially the grammarRules of the language was incorrectly 

inserted in the database, wh ich disturbed the performance of the parser. There were about 

fifteen errors due to incorrect grammar rules in the database. One of the problems with the 

grammar rule was its recursive nature. Examples of such recursive rules we re VP NP _ VP. 

Later it was identified that such rules made the parser enter an infinite loop. To avoid such 

problem a MappedRules table was designed to solve the problems. 

2. The auxiliary verbs attached to their complements were one of the major problems to the 

parser. This was because as it was indicated in chapter lour oj" this chapter the auxiliary verb 

is attached to its complement in Oromo. So a morphological Analyzer (which works only fo r 

this verb) was des igned which detach the auxiliary ve rb from its complement. After such 

technique was applied to the parser then its accuracy rate increased significantly. Examples 

of such cases include dha, ti and all its other forms. Removing this word and repeating the 

experiment resulted in increased accuracy of the parser before designing the Morphological 

Ana lyzer to solve such problems. 
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3. The other problem encountered while parsing unknown wo rds is that memorization of 

grammar rul es. Thus. while the parser is trying to guess a wo rd not in the database. it uses 

grammar rules already it has seen. So thi s created a big problem. To avoid such problems the 

parser is forced to clear the grammar rul es fro m the mapped ru les before it starts the next 

parsing process . This technique increased the effici ency of the parser in guess ing unknown 

words in an input sentence of Oromo Language . Examples of such rules include the rules of 

auxiliary verb dha. The parser was unable to parse such type of ve rbs in a phrase. 

4 . The other serious problem is the inab ility of the parser to differentiate between nouns as 

Adjectives and the adjectives themselves in the same position with the nouns in a sentence. 

There were about twelve errors due to this problem . It has been tried to identify the 

shortcoming of this one but final ly it was observed that the different iation of such wo rds 

may be solved by using a preprocessor or at semantic level in terms of their meaning. Thus 

thi s problem remained unsolved through out the ex periment. Such examples include the 

foll owing 

Tu lluun [mana]N [citaa]N ijaare. 

and 

"Tullu built a thatched house." 

Tulluun [fardaJN [guraacha]ADJ bite. "Tull u bought a black horse. ,. 

5. The other error was during tree constructio n. While the parser was trying to construct a 

tree of sentence for the parent node out of child nodes in the process, some were incorrectly 

constructed. Five errors were due to the failure of the parser to construct correct tree out of 

its child node for a given input sentence . So a correction was made to the algorithm of tree 
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construction and the error rate reduced significantly. However. this problem is still unsolved 

with the auxil iary verb dha. For example , in the following sentence the parser uses the 

morphological analyzer to detach the auxi li ary verb li'om its complements and co rrect ly 

identifies sentence constituents. But the problem with the parser is its inability to construct a 

tree after node identification in a sentence. 

Inni [barsiisaa]N [dha]AUX 

In this sentence the parser identifies that dha and barsi isaa are AUX and N but unable to 

attach N to the VP pluase. The alternative sol ution implemented was to enab le the parser 

detect error and report which node shou ld have been included in the VP phrase construction. 

Thi s error seems to exist throughout the experiment. 

6. Some errors persist throughout the experiments (e.g. dha " is" an auxiliary ve rb). 

5.10.1 Dealing with Incorrectly Parsed words in a Phrase 

The fo llowing were some of the ways used in the experi ment to deal with such incorrectly 

parsed words in a phrase 

I. Review of the manual ly Parsed sentences and make corrections to the errors. 

2. Review of the grammar rule used in the database (or knowledge base), wh ich otherwise 

seri ous ly affect the performance and hence the accuracy of the Parser, and make 

corrections to the errors and reduce the number of grammar rules. This is because as the 

number of grammar rules increase the effic iency and accuracy or the parser decreases in 

terms of time and speed. 

3 . Avoid or correct words that are assigned wrong Parses and that raIse the error rate 

significantl y 

4. Avo id spe lling the same word differently in the TrainingSet and the table namecllexicon 
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5. Preprocess affixed words In the trainingset to get their root forms from the lexicon if 

they happen to ex ist at all. 

5.11 Summary 

In th is chapter, detailed di scuss ions were made on the data prepared for the kno wledge base, 

the database designed and the algorithms used. Based on the algorith ms. a program was 

written in Visual Basic and a prototype was deve loped with an interface easy to be used by 

any ind ivid ual. 

An experiment was also conducted using the prototype tested on the small sample sentences 

selected for the experiment. The results achieved and the disc uss ions made out of the 

experiment are also reported in this chapter. 

From what has been discussed in thi s chapter, the prototype deve loped has hi gh accuracy. 95 

percent for the train ing set and approx imately 88 .5 pe rcent for the test set . 

The next Chapter closes thi s thesis work providing concl usions and recommendations. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

The thesis has tried to describe the development of an Automatic Sentence Parser for Oromo 

language using the chart algorithm and efforts have been also made to develop a prototype. 

The goal of Informat ion Retri eva l has been indi cated that it is st ri vi ng to answer use rs 

request correctly in an Automatic Info rmation Retrieval Systems and as a result to increase 

precision and recall. The contribution of NLP in achieving such goa l of Informati on 

Retrieval Systems has been clearly pointed out . Furthermore, it has been pointed out how 

NLP plays a significant role in enhancing computers capabi lity to process N L and 

communicate something to each other. N LP is also used in the machine translation and other 

components. which are the core component fo r the area . To that end. sentence parsing is one 

components of NLP in contributing to sol ve the problem of Information Ret rieval Systems 

in answering users' requests. Thus, this paper has tried it s best to put in a so luti on to such 

problem in Information Retrieval systems. 

The main aim of thi s paper was to deve lop Oromo Sentence Parser. [n thi s study, important 

concepts and terms in relation to Parsing have been made clear from the beginning. A 

detailed review of areas where the outputs of sentence parser are useful was illustrated. 

Moreover, the different approaches to automated Sentence parser have also been described 

in some detai ls. Rul e-based and stochastic approac hes , which are the major app roaches to 
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parsing, were briefl y reviewed and the relati ve advantages of each approach ha ve been 

included In the di scussion. Fi nally, the In te lligent (hybrid of Rule-based and supervised 

learning) System approach to parsing was se lected in thi s research to deve lop Oromo 

Sentence parse r. Reasons for such choice have been di scussed. The grammar concepts and 

the linguistics terms related to this approach were also di scussed in some deta il. 

Literature in the area of Oromo grammat ical categories was reviewed and discussed. This is 

because the knowledge of the grammar of the language is the core component in designi ng 

the parser. Moreover, it is poi nted out that efforts have been made to reduce the number of 

grammar rules because of the efficiency problems. These reviews of grammatical categori es 

were used in des igning the components of the automatic sentence parser. Almost al l lexical 

categories in a phrase, grammar rules whi ch is the core component of the parse r have been 

exploited as much as possible. In thi s study, parsing of grammatical categori es indi cate 

features like gender, number, tense, case and so on. The parser developed is applicable to 

sentences other than complex ones which have clauses as phrases in them. In cases where it 

is not possible to parse words in at phrase level special parsing technique has been 

introduced. 

Some of the major problems that the researcher faced in the process of drawing the lex ical 

category and the steps taken to deal with the problems were al so presented. 

Steps in preparing the actual grammar rules and Lexicon and the techn iques used to 

implement them in the database were presented in full detail s. The Lex icon and grammar 
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rules obtained were presented in two tables, which form the knowledge base of the parser, 

lex icon and GrammarRules. A database with four tables was then des igned to hold the 

information in Lexicon and GrammarRules. 

The thes is then presented the algorithms and modules required by the parser to access the 

knowledge base and parse input sentences with appropriate lex ical catego ri es. For this 

purpose, an interface. which al lows a user communicate with the sys tem was creatcd and a 

prototype was developed using Visual Basic. 

Experiments were conducted in two phases, one on the training set and the other on the test 

set. Evaluati on of the parser performance was made based on the evaluation procedures 

outlined in the thesis. In the study onl y one parameter, the percentage 01' correc tl y parsed 

sentences in the sampled text. was used to measure the performance or the parse r. 

The results achieved based on the small sample were high, 95% on the training set and 

approximately 88.5% on the test set. Before ach ievi ng such accuracy, the ex periment was 

repeated ly done on both the test set and the training set but identifying errors and making 

corrections. The chart-based algo ri thm was used in this study wi th some modification. The 

supervised learning algorithm suggested by Eri c Brill (1993: 1996) was im plemen ted to 

enable the parser guess unknown words in an input sentences. Most errors identi lied were 

due to human made errors rather than the algorithms used. Finally. a di scuss ion on the 

possible causes of errors was discussed with their solutions before closing up the thesis. 
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Although the accuracy of the parser developed in this study is somewhat acceptable it may 

not have an immed iate practical applicat ion for the parser was not trained on large quantities 

of data. Moreover, the current system does not include the technique of parsing complex 

sentences with clauses. Lastl y, it is hoped that this thesis has described an approach to study 

Oromo language. which in future answers the growing desire for parsed texts by researches 

addressing di rferent issues in Oromo language. 

It is al so hoped that this first work in parsing Oromo Language will encourage Ethiopian 

students and researchers to take part in parsing which ultimately lend to a higher level and 

more demanding research endeavors such as conceptual parsing and machine translations, 

which al l are tasks ofNLP. 

6.2 Recommendations 

There are many shortcomings in this research. These limitations are act ive research areas. 

which shou ld be addressed by interested indi vidua ls in the area. The efforts of" those 

researchers might enable efforts of coming up with an effici ent sentence parser for Oromo 

language. Thus, the followi ng could be recommended as possibl e research areas. 

I. Replicate th is work using a large data and incorporating all types of sentences 

with all attributes like case, number, gender, person. tense, definiteness and so on 

to increase the coverage of current system in parsing various sentence types. 

2. Conduct similar researches in other local languages by adopt ing the procedures 

fol lowed in th is study. 
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3. Develop parsers for Oromo and other local languages using other approaches 

(e.g. Stochastic Hi dden Markov Model approach) and compare the res ults 

obtained using the An Intelligent (hybrid of Rule-based and supervi sed learning) 

System approach used in thi s paper. 

4. Noun Phrase recognition, conceptual parsing, word sense di sambiguat ion and 

machine translations are other possible future research areas worth conducting as 

a continuation of a ful l-fledged Oromo sentence parser 

S. Conduct research on taggi ng Oromo texts and ident ify the problems assoc iated 

with it , which, I think, wi ll provide ex haustive informati on as input to Sentence 

parser. 

6. Conduct research on sentence synthesizer (constructor) fo r Oromo Language. 
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Appendices 

Appendix A: The Sample Text 

[TlIillIlIn]NP [[nal11a]NP [[gliraachaa]NP[e1ha] AUX]VP. [[ lnni]N [garlllln]N]NP 

[[[nal11 a]N [l11aga la]N]NP [fakkaata]]VP. rTlIillIlIn]N P [[[l11ana]N [haaelhaatti]N]NP 

guelelatte ]VP. [[Seerri] [e1aima-glleli fTaachliun J ~ IN P III oromoJ N [keessat! i i IN]N P 

[[beekamaa ]Nelha]A UX] VP . [[Seerri]N [klln]ADJ]NP [[I seera]N 

[kabajamaa ]ADJ]NPelha ]VP. 

[Daima-gueliffachuun]NP [[bakka]N [glielelaa]ADJ] NP Iqaba]V]VP. [[Warri]N 

[guelelifataan ]N]NP [[marga]N [fielan ]V]VP. [DlIbartiin ]NP [[ e1aima]N 

[hinqabne]V]VP. [Dubartiin] NP . [[[ilma]N [qllblirraa]ADJ]NP [flielhatte]V]VP. 

[S inqccn ]NP [[barbaach i isaa]N P[ -e1ha]A UX]VP. [Caaclilin ]NP II. barbaach i isaa ]NP[­

e1ha]A UX]VP. [Oram iti chi]NP [[ e1aima ]NP [gllelel i fatte ]V]VP. [[ lImoon]N 

[i saa]N]NP [glieleiaele]VP. [[Seerri]N [klln]ADJ]NP [[e1l1ri]NP [bahe]V]VP. 

[[Namonni]N [bayyeen]AD.l]NP [[[seera]N [kana]ADJ]NP [flielhataan]V]VP. 

[[I1mi]N [klln]ADJ]NP [[[ilma]N [keenya]ADJ]NP rjeelhe]V]VP. [Nitiin]NP 

[[mllcaa)NP [hingoelhanne )V)VP. [Gaelaan) [[[seera]N [kana )ADJ)NP 

[hal11matte )V)VP. [[Gaeleliin)N [okooleen)N)NP [[kaleessa)ADV [muramte )V)VP. 

[[[lbieleli]N [isaan)N)NP [hingubane)V]VP. [Bokklllln)NP [[[seera)N 

[gliel elaa) ADJ)NP [qaba]V]VP. [TlIiluun)NP [[[seera]N Ikana)ADJ1NP [keessatt i]PP 

[gllelelaelde] V1VP. 



[Tulluun )NP [[[nallla]N [bareedaa)AO'/)NP[ -elha )A UX)VP. [[Nalllullllllaan)N 

[i ssaa)AOJ]NP [[[nallla]N [garii]AOJ]NP[-dhalAUX]VP. [Nalllni] NP [[[isaatti] N 

[lllufaatee]N]NP [hinbeekne]V]VP. [Tulluun]NP [[saree]N [[bayyee]AOV 

[j alaata]V1VP]VP. [Sareen]NP [[isalN[-afJP1PP [[hiriyyaalN[-elha]A UX]VP. 

[[I-liriyyaan]N [garii]AOJ [[nallla]N [hinarganne]NP. 

[[Nalllni] N [baayyeen)AOJ) NP [[Tulluu)N [h injaal ataanlV) VP. [Tu lIuun ]NP 

[[[alllalalN [[dafee)AOV [araa)V1VP1VP. [TulluunlNP [qoosaaJNP [[baayyee]AOV 

[j alaata)V)VP)VP. [Tulluun)NP [[nyaata) [[[akka)AOV [lllalee)AOV)AOVP 

[nyaade)V1VP1VP. [lnni)NP [[[lllanalN [garii]AO'/)NP [hinij aaree]V)VP. 

[TulluunlNP .[[[lllanalN [olaa)N]NP [keessa)PP [jiraata)V)VP)VP. [[Yeroon)N 

[namaan)N)NP [[loolu)NP [nielalanna)V)VP. 

Namn i tokko kaleessa dhute. Nalllichi sun Tli llull bayyee jaalata. Tli liuli n a 111 11100 isaa 

niloole. TlI lililin amma baayyee 1'1Irdaade. Inni garli ll kana hinbeekll . TlIlllIlin amll1a nit ii 

flldhe. Ishiin nama magala fakkalli. Ishiin baayyee nyaalte. 

Nitiin isaa barsiistlilldha. Manni barlll11sicha ishii ebise. Ishiin tun naar kitaaba bite. Kitaabni 

ishiin fidde baayyee gaariidha. Barsiistonni baayyee ishii jaalatu. Tullulln nitii guraattii 

hinjaalatu. Kaleessi isaanifi gllyyaa gaariidha. Ishiin hoola guraacha guddaa tokko bitatle. 
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Appendix B: The Sentence Extration Algorithm 

To cxtmct the first sentence frolll n file 

I. Initiali ze a vari able, inputstring, to hold the whole content of the file . 

2. Initiali ze a variable, SentenceCounter, to hold location. 

3. Assign the whole content of the fil e to the variable initia lized, i.e. inputstring, 

using the built in string manipulation function. 

4. Starti ng from the first word in the inputstring, extract each word up to the end 

including the full stop (. Or ?) from the inputS tri ng 

5. Assign what you extract in step 4 to a var iable. inputsentence, which holds 

only the sentences extracted. (Note that at this stage one sentence is 

ex tracted.) 

6. Update the SentenceCounter by I 

7. Assign the sentence extracted in step 5 to a text box. unparsed sentence text 

box, to di splay the first sentence extracted 

8. Read the previous sentence. 

9. Repeat step 4 on wards until the end-of-file mark is found. 



Appendix C: The word Extraction Algorithm 

When an Open a fi le to parse from it button is pressed, a function that uses the bui lt in st ring 

manipulation is used to extract the first word from the input text. Then the fo llowing 

procedures will be executed to spli t al l words or the sentence 

I . Initiali ze a variable to hold the individual word 

2. remove all spaces between words in a sentence 

3. remove also ENTER 

4. if the sentences does not end with a full stop "." Or a question mark 

~'?" 

5. di splay an error message 

6. check whether the sentence sta rts with capital letter 

I. if the sentence starts with non-cap ital letter 

II. display an error message 

II I. end if 

7. split the sentence in to words 

8. else ca ll the parsing function 
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Appendix 0 : The Chart Algorithm 

When the Parse button is pressed. the Chart-based algorithm is exec uted in th ree steps. Arc 

introduction, arc add ition and chart parsing steps. This algorithm is a modified ve rsion of 

Allen' s algorithm fo r chart parsing. 

The Arc introduction Step 

The in itiali zation step wi ll use the fo ll owing steps fo r each wo rd identifi ed uSing the 

sentence Splitting algori th m di scussed above. 

I. ini tiali ze sentence position and word counter 

2. start read ing the sentence li'om the input 

3. fetch the grammar ru le from the database 

4. if the grammar rule in the database is not empty 

5. for each sentence, get information about sentence rules ti-om database 

6. for each word 

get word category information from database 

if there is no word information in the database 

analyze the new word into its roo t and morpheme form 

check the database fo r stem information 

else get word category from the database 

end if 

assign grammar rule of a given word category from the database if it is not empty 

co llect every constituent of the grammar rule and add them to te mporary each 
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make it active arc (* incomplete arc i. e. that looks for addition of a constituent to be 

complete its arc 

select the completed arc and add them to the mai n arc 

if the mai n arc is completed , read the next word for its interpretation 

end if 

5. Repeat step 3 on wards until the end of the sentence. 

The constitnent Add ition Step 

The Constituent addition step foll ows the followi ng procedures. 

I. Initialize a variable, ActiveA rc 

2. Starting from the next word , i.e. next to the wo rd identi tied in the initiali zation step, to 

the last word the following steps will be executed iterati ve ly (taken from Allen 1995). 

3. To add a constituent C from a position PI to 1'2: 

I. Insert C into a chart from position p I to 1'2 

2. for any active arc of the form X~ XI . c ... x" from position Po to 

P I , then add a new arc X ~ XI .. ... C ... X" from position Po to P2 

3. for any acti ve arc of the form X ~ x I , .. . x" . c from position Po to 

PI , then add a new constituent of type X from Po to P2 to the agenda. 

4. do until there is no input left: 

if the agenda is empty, look up the interpretat ions for the next wo rd in 

the input and add them to the agenda 
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select a constituent from the agenda ( let's ca ll it constituent C from 

posi tion P, to P2) 

for each rule in the grammar of fo rm X -7 C X I ... XIl , add an acti ve 

arc of form X -7 C X, .. X il from posi ti on P, to 1'2. 

add C to the chart using the arc extension algorithm above 

4. fi nally clear the grammar rule from the temporary Arc 

5. do this iteratively unti l the end of grammar rule and end of words in the sentence 

6. else ifparsing has reached the end position then write the end pos ition 

7. start se lecting the right arcs and add them to the variab le ca ll ed , I array 

8. call the tree construction function 

9. whi le constructing tree check for agreement by calling the analyzeagreement 

function 

10. di spl ay the output of this process 

The Chal·t parsing Step 

The chart parsing step fo llows the following steps 

I. get the sentence rule from grammar ru le tab le and wo rd category fro m Lexicon table 

2. Assign the va lue of rule in the data source to sentence rul e 

3. if the active arcs are not found 

4. ex it 

5. otherwise, split the grammar ru les into its components 

6. for each mai n arcs component and for each acti ve arc ass ign the main arc component to 

the left hand side grammar rule 

7. check whether the parse is correct or not 
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8. if right load the active arc introduced and read the word with root form to get word 

informa tion from the Lexicon ta ble 

9. if active arc is found the parse is correct 

10. else report , not fou nd message 

II . Starting from the next category to the last category it wi ll execute the fo llowing steps 

iterative ly 

3. 1 Assign the va lue in the raw of the current category column last index to a 

vari able max I . 

3.2 if the value of max I is greater than the value of max compared in step I of 

this phase above, then change the value of max wi th max I and assign the 

index of the category to the variable loc. 

3.3 if there is another category start again from step 3 of this phase 

3.4 in another array ca ll ed C it does the following procedures 

3.4. 1 assign the loc. va lue of lastword + I found above at the place of 

last index in the array C 

3.4.2 for each word string from lastword-I up to the first. assign the 

corresponding location va lue fro m BACKPTR array to a 

corresponding place in array C 
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Appendix E: Morphological analyzer algorithm 

The morpho logica l analyzer does the foll owing thi ngs to help the parse r during parsing. 

I. ini tia li ze the vari ab le morph 

2. get word category from the function called word category 

3. read the first word from the sentence 

4. if the wo rd is at sentence position I then the word is noun. o r adjective 

but if at sentence position 2 then the word is a ve rb 

5. ass ign the va lue of fu ll word from the sen tence to stem 

6. if the string 'DHA ' is appended detac h it first 

7. desuffix function for' DHA' 

8. check for number of the word using word information and Affix li st 

tabl e 

9. do fo r other features( gender, number, case, negati ve marker, and tense) 

the same iteratively until the end of the sentence 

10. finall y report the resu lt to the parsing function 
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Appendix F: The Tree construction and Extraction 

algorithm 

Final ly, the Parse-text function wi ll execute to produce words with thei r appropriate Parsing 

as out put 

I. split the right hand side rule of the main arc 

2. fill the first level chi ldren in the tree 

3. fi ll the rest deep components 

4. do 

a. col lect the deep arcs in the tree 

b. expand the right hand side ru le 

c. load the ch ildren to the right hand side ru le node 

d. repeat until the terminal node is reached 

Tree extraction step 

Fetch the right hand side rule from the database 

Spl it the right hand side rule and assign index to each 

Extract tree based on the index va lue of the ru le 

Now analyze the agreement case (for number, gender, case, tense and display the output in 

the tree form and grid fo rm. 
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