ADDIS ABABA UNIVERSITY
SCHOOL OF GRADUATE STUDIES
FACULTY OF COMPUTER AND MATHEMATICAL SCIENCES
DEPARTMENT OF COMPUTER SCIENCE

DESIGN AND IMPLEMENTATION OF AUTOMATIC
MORPHOLOGICAL ANALYZER FOR GE’EZ VERBS

A THESIS SUBMITTED TOTHE SCHOOL OF GRADUATE STUDIES OF THE ADDIS
ABABAUNIVERSITY INPARTIAL FULFILLMENT FOR THE DEGREE OF MASTERS OF
SCIENCE INCOMPUTER SCIENCE

By
Desta Berihu Weldegiorgis
November, 2010



ADDIS ABABA UNIVERSITY
SCHOOL OF GRADUATE STUDIES
FACULTY OF COMPUTER AND MATHEMATICAL SCIENCES
DEPARTMENT OF COMPUTER SCIENCE

DESIGN AND IMPLEMENTATION OF AUTOMATIC
MORPHOLOGICAL ANALYZER FOR GE’EZ VERBS

By: Desta Berthu Weldegiorgis

MAIN ADVISOR:
Sebsibe Hailemariam (PhD)

CO-ADVISOR:
Zeradawit Adhana (Membhir)

APPROVED BY

EXAMINING BOARD:

1. Dr. Sebsibe Hailemariam, Advisor

2.

3.




DEDICATION
This thesis is dedicated to my father Berihu Weldegiorgis and my mother Mana G/egziabher.

I would like also to dedicate to the Ethiopian Orthodox Tewahido Church and her scholars for their
dedication and faithfulness to preserve and hand down the language along with all resources written in it
to this generation!



ACKNOWLEDGEMENT

First and foremost I praise the Almighty God, who favors me to begin and to bring to an end this study.

My next and most earnest gratitude must go to my advisor Dr. Sebsibe Hailemariam for his continuous support
and guidance throughout the various stages of this thesis. Without his personal involvement and intervention at
critical stages, it would have been very challenging to complete the thesis according to the initially set plan. He
provided critical and useful feadbacks and suggestions on how to approach the research problem systematically
and tactfully. He showed me how researches will be produced, how the best advisor interacts with his student(s),
and he is really a model for academic professionals. I thank him all the time.

Memhir Zeradawit Adhana, my co-advisor and my life-long ,£%J-* who always wished to see my success, has got
a special place not only for his unreserved effort in this paper but also in all my academic endeavors and thus I am
very grateful. His was of tremendous help in setting up the test beds and realize the work. Without him, it was
impossible at all even to dream up a thesis work on Ge*ez. He was with me from the beginning to the completion
of this thesis answering each and every query I probed related to the language.

My special respect should go to the Bahir Dar University (BDU), my employer who assisted and sponsored me to
go through the MSc. Program. Great thanks should also be forwarded to Ato Yoseph Abate, Lecturer in the
department of computer science, who helped me in debugging critical bugs while writing the code of the
prototype of the analyzer with Java. Special thanks should also be forwarded to Ato Altaye Gebeyehu (Al(lv-
AATST) for he was giving me a hand in collecting the needed tools of development and also the laptop adapter
(at the 11™ hour!). My sincere gratitude should also be forwarded to my friend Seare Gebremeskel who helped me
in surveying the number and types of the verbs found in ,zh €@ A¥I'7° Ge“ez-Amharic dictionary.

It will be a great omission not to thank my best friend and actually my nearby mother, Deacon Zelalem
Chalachew (soon after Priest Zelalem), who was with me in smoothing all challenges till the completion of this
study and who has aroused and took me to the HTTC and renovate life with it. Too is very wrong not to thank my
friend, Deacon Solomon Mengistu, who was sending me my salary for more than 24 months from the BDU and
took responsibilities on my behalf. Heartfelt thanks should also be forwarded to Yemane Teklay, Selamneh Belete
and Mekonene Fentahun who are my colleagues at the Department of Computer Science and Engineering in BDU
for they took many more responsibilities and delegations on my behalf in the University. My sincere gratitude
should also be forwarded to my classmates Mandefro, Teklay, Moges, Amsale, Getasew, Tesfaye, Abel,
Mequanint, Welelaw, Selama and Abebe for they were sharing me critical ideas which are of value for this study.

Last, but not least, my family deserves special thanks for their unconditional support and encouragement
throughout the past two years. I thank my parents, Berihu Weldegiorgis and Mana G/egziabher, for believing in
me and opening their communication channels for words of wisdom while I have been away from home.



TABLE OF CONTENT

Content Pages
ACKNOWICAZEIMENL.........uiiiiiiiiiiieeiiiiee ettt e ettt e e e ettt e e e etta e e e e eatbeeeeesatbeeesesssbeaeeesnsseaeeasnsseeeesnnssens I
Abbreviations and SYMDOIS USEA ........ccccuviiiiiiiiiiiiiiiiie ettt e e e et eeeeeneraaee s VIII
PN 5 ¢ ¢ F O PP P PP UOPPPPPUPPPPPRRt IX
CHAPTER ONE
INTRODUCGTION .ucuuueiiiiiinneiiinineeecisssneescsssssnessssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 1
1.1 BACKGROUND OF THE STUDY ....uviiuiiiiiiiiiiiiiiiiiiiite ettt s saa sttt saa e saaesaa s saa s saassaaesaaesaaesaaesnaesanes 1
1.2 STATEMENT OF THE PROBLEM .....coiiiiiiiiiiiiiiiiiiiiii it s s 5
1.3 OBJECTIVE OF THE RESEARCH WORK .......coiiiiiiiiiiiiiiiiiiiiie ittt s s s s 7
1.3.1 GEREFAL ODJECIIVE ...ttt e et e e ettt e e et e e sttt e e st e e et te e s asteasaansteassnseasenssaassnnsseasas 7
1.3.2 SPECIFIC OBDJECHIVE.......ueeeeeeeeeieee ettt ettt ettt ettt ettt et e st e st e st e e e nneenaee s 7
1.4 SCOPE AND LIMITATION OF THE STUDY ....eeiutttiiiiiitienittentie et ettt esiteesteesteeeteeesuseesateeeteeeseeesmaeesaneesteeessneessneessneenas 7
LS RELATED WORKS ...uiiiiiiiiiiiiti ittt ettt sa e a e s e a e s as e s aa e sae e sae e s st saa e saae e saae e 9
1.6 METHODOLOGY ....oviiuiiiiiiiniiiiii ittt ittt st s a s st e s s e 10
1.6.1 Literature Review and DiScusSion With Ge €z EXPErLS .........ccuueeecueeeeeiiieeesiiieeeiiieeeseieeesaaieesseseessssssssssssneeens 10
1.6.2 Knowledgebase and AIGOVithin DeVEIOPIENL ..............ccvcueeeieiesiieeiiieee ettt 11
1.6.3 Development of the prototype morphological QRALYZET ................coocueeveeeeieiisiiesiiieee et 11
1.7 TESTING PROCEDURES.......cuiiuiiiiiiiiiiiiii ittt s s 12
1.8 APPLICATION OF THE RESULTS AND BENEFICIARIES........ciiiiiiiiiiiiiiiiii ittt 12
1.9 ORGANIZATION OF THE THESIS ..ottt e 13
CHAPTER TWO
MORPHOLOGICAL ANALYZER .....cconuuerereiciisssssnnnneeeccccssssssssssssesssssssssssssssssssssssssssssssssssssssses 14
2.1 INTRODUCTION. ...t iii it s s s s et et sttt et st e a e et e et s e st e e e e e b e e e e e ae e e 14
2.2 CONCEPTS AND TERMINOLOGIES IN MORPHOLOGY ......ccouviimiiimiiiiiiiiii ittt ettt 14
2.2.1 TRE MOVDIRCINES ..ottt ettt e ettt e e sttt e e st e et e e st eenanneaeninneeeas 14
2.2.2 Word Structure: MOVDROIACHICS ..........cueeeeruieieieiiiee ettt ettt e et e e s e s e e nineeeeas 16
2.2.3 TYPES Of MOFPIHOLIOZY ...ttt ettt sttt e s it e e sttt e et e s e eaee s 18
2.2.4 Prosodic ( Nonconcatenative) MOTDROIOZY ............eeeeeueeeimniiiiiiiiie ettt 19
2.2.5 Computational MOVDHOIOZY ..........eeeemuiiiiiiieii ettt ettt e e e et e e et e e nneeeeas 20
2.2.6 MOTPROIOZICALI ANALYZOT ...ttt ettt e ettt e et e e et e e eneeeens 20
2.2.6.1 Knowledge Required by Morphological ARGLYZEr .................ccccooiiiiiiiiiiiieie e 21
2.2.6.2 Sources of Rule Used by Morphological ANGIYZer . ................cccoiiiiiiiiiiie e 22
2.2.6.3 How a Morphological ARGLYZEr WOFKS ...........ccoeoieoiiiiiisietseetseeeeee sttt sttt 22
2.3 APPROACHES TO MORPHOLOGICAL ANALYSIS......coutiiuiiiiiiiiieiei ettt et ettt e s e ene e e e neene e 23
2.3.1 StALISTCAI APPFOAUCHES ...ttt ettt et ea e e et e e et eeesteeeninneeens 24
2.3.2 Rule-DASEA APPDFOACHES ..........coeeeeeeeiiiieeee ettt ettt e et e et e e et e e e isteeenineeeens 24
2.3.2.1 CV-Based Approach or Root-and-Template MOrpholOZY ..............cccooioiiiiiiiiiiiiiiiee e 25
2.3.2.2 Two-Level Model of MOrphology (TLM) ..............cccuieiiueei ettt e e e 28
24 SUMMARY ...ttt e et et et et et et et et et et et et a e et et e b e et e r e e ne e e 29

II



CHAPTER THREE

VERB FORMATION IN GE’EZ....ccciiiiiiiiiiniinnnnnnnsnnssnnssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 30
3 L INTRODUCTION. ...ttt ettt e a e e ae e e a e e ae e eab e e ae e e ab e e as e e aa e e as e e aa e saa e enbeerseeas e enseanseena e e s e anse e 30
3.2 GE'EZ WRITING SYSTEM ....oiiiiiiiiiiiiiiiiiiiitie ittt e s saa e e aa e s 30
3.3 FORMATION OF GE"EZ VERBS ......oiitiiiiiiiiiiiiiiiti ittt sttt s st s eaa e s e 32

3.3.1 INitial Orders Of GE’€Z Ve DS ........cuieeueiesiiesiiesieeeiee ettt sttt ettt sttt ettt sae ettt e st e nnee s 32
3.3.2 Terminal Orders Of GE’€Z Ve DS .......ccuueuueerueirieieieieeite ettt ettt sttt et sst e st e st e et e st e snee s 33
3.4 CLASSIFICATION OF GE BZ VERBS.......oiiiiiiiiiiiiiiiiiiiiiiie ittt 33
3.4.1 Based on ODBJect INAICALION................cc.cooeeiemiiiiriieeeiiieeteet ettt sttt e s s 34
3.4.2 Based on Number of RAAICAISOF @ ROOL ............ccecuueeeeeciieeeeeiiieeeeieeeecita e esitte e settaesattaaesssstaasssssasssssseessasaeeens 35
3.4.3 Based 01 Heads ANA TrOOPS ...........oceeeueeeeeeieieeeeiie et eete ettt e ettt e e e sttt e e sttt e e sattesssassaaaessseessnsteassassaeeens 37
3.5 AFFIXATION IN GE"EZ VERBS......coiuiiiiiiiiiiiiiiiiii ittt 38
T B 7 2 ¢ 17 T SRR 39
O N T 15 12 1 o SRR 41
I N O e 7 2 o USRS 44
3.6 THE CONJUGATION PATTERNS AND STEMS OF /QATALA/ CATEGORY VERBS ......cuvvuuieeeeiieeeeeeeeeeeseessesesesesssssessssseeeseeeeens 45
3.6.1 The Conjugation Patterns of /qGtald/ CAtegory VErDS .........uoueieiueeseieniieeiee ettt 47
3.6.2 The Stems Of /QGtAlGA/ CALEGOTY VDS ...ccueeevueeiiieeeiiieeeeeee ettt sttt ettt e s e es 48
3.7 DECLARATION OF GE"EZ VERBS ......iiitiiiiiiiiiiiiiiitie ittt s s s s s s s s s s s 49
3.8 GE"EZ IRREGULAR /QATALA/ CATEGORY VERBS.......cevtttttteteteeeeteeeeeeeeeeeseeeesesesessessesssseeeeesssseeeeeeeeeeeeee...——.———————————————— 53
3.9 ASSIMILATION AND VOWEL CHANGES .....oviiiiiiiiiiiiiiiiiiiiie ittt s s s s s s s s s s 54
3.9, 1 ASSIELALION @ffECES. ..o eeeeeeeeee ettt ettt ettt ettt e et e et e st e et e et e st e e s 54
3.9.2 VOWEL CRANZES. ...ttt et ettt ettt ettt ettt e ettt e bt e et e st e st e e s e e sneaeaee s 54
3T0 SUMMARY ...ttt e e e s e e e s s e e 57

CHAPTER FOUR

DESIGN AND IMPLEMENTATION OF THE MODEL OF GEEZ VERBS ANALYZER.......... 58
4.1 INTRODUCTION. ......coiiiiiiiiiit ittt st et st s ettt et st e e s st e e e e e e e e et e e e ete e e e ae e be e e e e 58
4.2 ASSUMPTIONS CONSIDERED DURING THE DESIGN AND IMPLEMENTATION ......c.ccoiiiiiiiiiiiiiiiiieie e 58
4.3 ARCHITECTURE OF THE ANALYZER ......coouiiiiiiiiiiiiiii ittt ettt ettt s s s 59

4.3.1 Detaching PrefiX Of @ VErD .......coo.oouueeeueiiiiese ettt ettt ettt ettt et e ste e st e saeeeaee e 61
4.3.2 CReCKiNgG VerD IFFEQUIAFILY ........cc..eevueieieieii ettt ettt et ettt ettt et e nse e st e saeeeaee e 61
4.3.3 Converting Irregular Verbs to Their Corresponding Regular FOFIMS ...........ccooveevveeriieeesieiiieesieesiee e 62
4.3.4 1dentifying Verb’s VOWEL PAIIOITL..........ccoucuueeeeeuieeeeiiiee ettt ettt e e et e e st e e eeseeesninneeenane 66
4.3.5 Identifying Tense-Mood and Stem Of @ Verb...........cocueeeemuueiienoiiiiieiee ettt et 66
4.3.6 Converting Verbs of different Stems t0 BaSe-Stem FOFM..............cccovvuueeimiiieiiniiieeesieeeesieee e et esiee e 67
4.3.7 Detaching the SMS and OMS of Perfective and IMperative VerbDs.............c.ccoucueeeemeeeeienoieeeniiieeesieeeesieeeeane 71
4.3.8 Detaching the SMS of Gerundive and INfIRITIVE VEFDS............coccueeirmouieeieiiieieiiee ettt 72
4.3.9 Detaching the Circumfix and OMS of Indicative, Subjunctive and JusSive Verbs............ccccceemvveeeeneeveeensueeannn. 73
4.3.10 Identifying the Lexeme Of @ VerD...........ouueeiuueeiiiiieeeeeee ettt ettt ettt e et eeetee e e naneaeeine 74
4.3.11 Generating AnGLYSIS RESUI...........cocuueeeimiieiiiiie ettt ettt ettt ettt e e ettt e et e e enineeenine 74
4.4 SUMMARY ..ottt et et et et et et et ettt e et et et et et a e e n e e e n e e n e e e 74

II



CHAPTER FIVE

EXPERIMENTAL ANALYSIS cuuurrrrrrrnnrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 75
5.1 INTRODUCTION. ....uetttteiuiiitteiittee ettt e ettt e ettt e ettt e ettt e e st et e eaete et e saate e e e sbbeeesaabaeeeeaataeeeambbaeeeaatbeeeenataeeeeataeeenanneeens 75
5.2 THE PROTOTYPE......tttiiiiiiiaiiitee ettt ettt ettt ettt e ettt e sttt e ettt e e sttt e s ab et e e bt a e e e e abt et e e aabb et e eabaeeesataeeesabneeens 75
5.3 PERFORMANCE EVALUATION PROCEDURES ......cccotutttiiiiiieeiiiieteeitieeeeiieee ettt e e ettt e e ettt e esnbteeeesatteeesnataeeennabaeeesneneeens 77
5.4 RESULTS OF THE EXPERIMENT .....uuttitiiiiiittiniiiteeniiteeeeitte e ettt e e sttt ee e sttt e esabteeesaatteeesbtaeeesabtaeeesmbbeeeenabaeeesataeeesnnneeens 79
5.5 DISCUSSION OF THE RESULTS....cceiuttitiiiititiaiitee ettt ettt e ettt e e sttt e e sttt e s sttt e s bt e e sabteeeesabt et e s sabaeeesabaeeesabneeens 80

5.5.1 Causes of errors while analyzing the prefixes Of the VEFDS ............coecuueeieeoiieeeiiieeeeeieeeesiieeeeeieeeessiieeessieaeenans 81
5.5.2 Causes of errors while analyzing the circumfixes Of the VErbs...........c.ueeeeveeieeciiieeeeiiieeeeiieeeesiee e eesieee e 82
5.5.3 Causes of errors while analyzing the SMS Of the VEIDS ...........cccueeeeeeuieeeeiiieeeeiieeeeeieeeesiieeeeseeaessieeeessieeeennns 82
5.5.4 Causes of errors while analyzing the SUDJECt Of tNE VEIDS ........cc..oueeeeuieeieiiiieeeeiieeeecieeeeeieeeeseeeeseiieaessieee e 85
5.5.5 Causes of errors while analyzing the OMS Of the VEFDS ..........ccc.ueeeeeieeeeiiieeeeiieeeeeieeeeeieeeesieeessiieeessieeeennns 85
5.5.6 Causes of errors while analyzing the object Of the VEFDS ..............ccccc.covviuiiiiiiiiiiiiiiie e 85
5.5.7 Causes of errors while analyzing the tense-mood Of the VErbs ...............ccc.ccccvciiiimiiiiiiiiiiieeiiiee e 85
5.5.8 Causes of errors while analyzing the Stem Of the VEIrDS.................cccceivviiiiiiiiiiieieiii e 86
5.5.9 Causes of errors while analyzing the lexeme Of the VEFDS ...............ccccciiiiiiiiiiiiiiiie et 86
CHAPTER SIX

CONCLUSION, RECOMMENDATIONS AND FUTURE WORKS ......rrrrnnnnnnnnnnnnnnssnssssssssssssssssssssnns 87
B O0) (@) ) (0) [P U SO U PP PP PP PPPPPPPP 87
6.2 RECCOMENDATIONS ....ccetiutttteiittteeaitteeeaitteeeattteesaattteesabtteeeaastteeeaattteeeambt et easbaeeeaasbbeeeaabbeeeeaabbeeesaabaeeesbbaeeesbneeens 88
6.3 FUTURE WORKS ... uutttteiittteetittte e ettt ee e ettt e e ettt e e ettt ee e et ee e e e bt e e e aaet e e e e amt bt e e e st e e e e eaeteeeeambbeeeeambbeeesataeeesanbaeeeanneeens 89
REFERENCES ....outiiiiiiiiiiittiiiisiciisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssssass 90
Appendix I: The Ge“ez Alphabet /fiddil/ Set [Zaradawit, 1996].........ccceeveeiviiiiiiiiieeeeeeeeeiiieeen. 93
Appendix II: The possible Number of Inflected forms obtained from the troop verb d®L/fdgddd/........... 94
Appendix III: Pseudo-code of some of the algorithms explained in chapter four...................... 113
Appendix IV: Transliteraions used in this thesis Work............ccccoviiiieiiiiiniciiiieee e, 117
Appendix V: Sample Features Incorporated to the Knowledgebase ............cccevvvveeeeeiinnnnnnnnn. 119
A. Sample of the prefixes incorporated to the knowledgebase.............cccceeeeveeennnnnnnnnn. 119
B. Sample SMS features incorporated to the knowledgebase ............cccceeeviiiiiiinnnnnen. 119
C. Sample OMS features incorporated to the knowledgebase ............c.cceveiiiiiinnnnen. 120

D. Sample circumfixes and OMS features of Indicative, Subjunctive and Jussive verbs
incorporated to the knowledgebase ...........cceeeiiiiiiiiiiiiiiiiii e 120
Appendix VI: Manully Analyzed Testing Verb-Set by the Domain Experts .............ccccceennee. 121

v



LIST OF TABLES

Table 1.1: Some surface verbs of the root ¢ £ //~q-d/ with subject marker ,He" (3psm). ........cccceeuveenn. 3
Table 1.2: Words of other POS category derived from a Verb ...........cccceeveiiiiiiiiiiiieeeeiiee e 8
Table 2.1: Sample of the analysis produced by the developed morphological analyzer......................... 23
Table 2.2: CV-based formations of seeds and WOrdS............coovuiiiriiiiiniiiiniieceee e 26
Table 2.3: The generation of the word chased using the two-level model.............ccccoeevviiiiiiiniiineennnen. 28
Table 3.1: Example of Copula Verbs 0f GE €Z.........covvuiiiiiiiiiiiieiiieee ettt 35
Table 3.2: Formation of verbs from tri-radical TOOt............ueiiiiiiiiiiiiiiieeeee 35
Table 3.3: Result of Researcher®s survey on the Ge“ez-Ambharic dictionary ...........ccccceeeeeeeiciiiiieeeeennnn. 36
Table 3.4: ,heads” of Ge“ez verbs together with their templates ...........ccceeeeveeiiiiiiiiiiiieeeeeee e 38
Table 3.5: Prefixes of Indicative, Subjunctive, and JussSive VErbs ..........cccceevveviiiiiiiiiiiee e 40
Table 3.6: List of Ge“ez verbs prefixes along with their syntactical functions ..........cccccceeeeeeivvvveeeeennnn. 41
Table 3.7: List of Ge“ez Verbal subject marker suffixes along with indicated persons...........ccceeveeeeennn. 42
Table 3.8: List of Ge“ez Verbal object marker suffixes along with indicated persons............cccccceeeee...n. 43
Table 3.9: List of Ge*ez Verbal subject marker circumfixes along with their moods............cccceeeeeeenn. 44
Table 3.10: possible type of morphemes concatenated to form a verb in Ge €z .........cceeeveevveivviinnennnnnn. 45
Table 3.11: List of Ge“ez tenses and moods according to both Ethiopian and Foreign Scholars ............ 46
Table 3.12: Basic conjugation patterns of a root along with their templates and vocalic patterns........... 48
Table 3.13: The five stem types for each of the seven tense-mood types of Ge‘ez verbs ....................... 49

Table 3.14: Morphological irregularities observed on verbs with a guttural alphabet at their middle ..... 53

Table 3.15: Vowel changes occurred when OMS are attached right after SMS .........ccccoeiviiiiiiinnnnn. 55
Table 3.16: Vowel changes occurred when OMS are attached after circumfixes ........cccccceevvieenieeennnen. 57
Table 4.1: Sample of facts and features of irregular verbs incorporated to the knowledgebase .............. 62

Table 4.2: Rules applied while converting indicative middle-guttural irregular verbs to regular form ... 64
Table 4.3: Rules applied while converting subjunctive middle-guttural irregular verbs to regular form. 64
Table 4.4: Rules applied while converting jussive middle-guttural irregular verbs to regular form........ 65
Table 4.5: Rules applied while converting gerundive middle-guttural irregular verbs to regular form ... 65
Table 4.6: Rules applied while converting infinitive middle-guttural irregular verbs to regular form.....65
Table 4.7: Rules applied while converting perfective stems category verbs to their equivalent base-stem............. 67

Table 4.8: Rules applied while converting indicative stems category verbs to their equivalent base-stem ............ 68

v



Table 4.9: Rules applied while converting subjunctive stems category verbs to their equivalent base-stem.......... 69
Table 4.10: Rules applied while converting imperative stems category verbs to their equivalent base-stem ......... 69

Table 4.11: Rules applied while converting jussive stems category verbs to their equivalent base-stem 70

Table 4.12: Rules applied while converting gerundive stems category verbs to their equivalent base-stem .......... 70
Table 4.13: Rules applied while converting infinitive stems category verbs to their equivalent base-stem............ 71
Table 4.14: The operations performed while applying TLM in converting other stem verbs to base-stem............ 71

Table 5.1: Total Number of verbs extracted from the New Testament of the Ethiopic Version Bible ....77
Table 5.2: the result of the experiment conducted at features of the verbs level...........ccccoeviiiinnennnnn. 80

Table 5.3: Assimilation effects observed when SMS morphemes are attached to a verb which ends

With & /Qa/, 0 /KA/ OF 1/GA/ ..vvvviiiiieeee e 83
Table 5.4: Assimilation of a verb with @ /W&/ at its €Nd..........ccevviiiiiiiiiiiieeieeeeee e 84
Table 5.5: Assimilation of a verb with € /a/ at itS €nd ........coeeeiiiiiiiiiiiiiiiee e 84

VI



LIST OF FIGURES

Figure 2.1: CV-based formation of the Ge ez verb . b& /fAGido/ .........c.ooeeveeviiiiiiiiiiiieiiiiieeeiiieee, 19
Figure 2.2: Overview of how a morphological analyzer Works. ...........cccccvveeriiiiiiiiiiiiieeeiiie e 22
Figure 2.3: The general overview of verb formation proCess..........ooueeerueeerieeeniieeniiee e eiee e 27
Figure 2.4: Main components of Karttunen's KIMMO Parser ............ccoocueeviiiiiniieiniieeeiceeiee e 29
Figure 3.1: Declaration of the perfective verb P& /fAGAAG/ ..............ccccveveieeiiiiiiieiiiieeeiiiiee e, 51
Figure 4.1: Architecture of Ge"ez Verbs AnalyZer ..........cooouiiiiiiiiiiiiiiiiiee e 60
Figure 4.2: procedure of converting the irregular verb A0-t0aaet /eSYteSYYlotY/ to its equivalent
regular form AQTAANTT /eSYIESAYIOIY) ......ocooeeeiiiieiiiiie et e e erae e 66
Figure 5.1: Main screen of the prototype of the analyzer...........coooviiiiiiiiiiiniiii e 75
Figure 5.2: Output of the prototype of the Ge“ez Verbs Analyzer system..........cccooeueeeeiiiiiiiiiiniiieeenns 76

VI



ABBREVIATIONS AND SYMBOLS USED

SYMBOLS:
[] What is inside is a citation
// What is inside is a transliterated Ge*ez word in italics.
"' What is inside is a direct English translation of a Ge"ez word.

() What is inside is a gloss or abbreviation or elaboration
ABBREVIATIONS:

Ippn = first person plural neutral

Ipsn = first person singular neutral

2ppf = second person plural feminine
2ppm = second person plural masculine
2psf = second person singular feminine
2psm = second person singular masculine
3ppf = third person plural feminine
3ppm = third person plural masculine
3pst = third person singular feminine
3psm = third person singular masculine
EOTC = Ethiopian Orthodox Tewahido Church
Al = Artificial Intelligence

CV = Consonant-Vowel

NL = Natural Language

NLP = Natural Language Processing
NLU = Natural Language Understanding
OMS = object marker suffix

POS = Part of Speech

SMS = subject marker suffix

TLM = Two-Level Morphology

TLMM = Two-Level Model Morphology

VIII



ABSTRACT

Morphological analysis is a crucial component of several natural language processing tasks including
machine translation, spell-check, speech recognition, dictionary (lexicon) compilation, POS tagging,
etc., especially for languages with a highly complex morphology, where stipulating a full lexicon of

surface forms is not feasible.

Nowadays, analyzers of different kinds have been developed for languages that have relatively wider
use internationally. The same cannot be said for Ge‘ez, the classic language of Ethiopia where majority of
the Ethiopian indigenous historical, philosophical, ethical, religious, etc., literatures and ancient manuscripts
are written with. This study is, thus, an attempt to design a morphological analyzer model for Ge*ez verbs
thereby contributing to the goal of developing a full-fledged NLP application for Ge'ez. For this
purpose, rule-based approaches specifically CV-based and Two-Level Morphology (TLM) are adopted
to design the model and to implement the prototype of the analyzer. Besides, the analyzer uses a
knowledgebase as a demon while identifying the morphosyntactic features. Finally, algorithms that take
into consideration the morphological, morpho-phonological and orthographic properties of Ge“ez

language are developed from scratch and applied, as there are no previous such attempts.

The prototype was tested with verbs which are extracted manually by domain experts from all twenty
seven New Testament books of the Ethiopic Version Bible. The accuracy of the output generated by the
analyzer was compared with the manually prepared analyses of the same verb-set by the language
experts at two levels: at features-of-verbs level and at verb level. Accordingly, it is observed that the
analyzer has analyzed these verbs with an accuracy of 92.05% at feature level and of 73.98% at verb
level. The analysis output comprises the lexeme and all valued morphosyntactic features including
affixes together with their syntactical functions, indicated subjects and objects along with their person-
gender-number features, tense-mood and stem type of the verb, etc. At large, this research has realized

the design and implementation of automatic morphological analyzer for Ge“ez verbs.

Keywords: Ge“ez verbs, Ge“ez verbs analyzer, Morphological Analyzer, Ge“ez Morphology
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CHAPTER ONE

INTRODUCTION
1.1 Background of the Study

Language is one of the fundamental aspects of human behavior and it constitutes a crucial component of
our lives. In its written form it serves as a means of recording information and knowledge on a long

term-basis and transmitting what it records from one generation to the next [Allen, 1996].

Linguistics can be defined as the study of languages, particularly, natural languages. Natural language is
a set of conventions used by human beings for communication purposes [Gazdar, 1996]. The academic
discipline that studies computer processing of natural language (NL) is known as natural language

processing (NLP).

NLP is a theoretically motivated range of computational techniques for analyzing and representing
naturally occurring texts at one or more levels of linguistic analysis for the purpose of achieving human-
like language processing for a range of tasks or applications [Liddy, 2001]. It encompasses a broad set
of techniques for automated generation, manipulation and analysis of natural or human languages.
Grishman [1984] states that NLP involves the development of computational models of a language, and
based on this developing computer programs that can analyze NL and act appropriately on the

information contained in the text or information.

Although most NLP techniques inherit largely from Linguistics and Artificial Intelligence (Al), they are
also influenced by relatively newer areas such as Machine Learning, Computational Statistics and

Cognitive Science [Madnani, 2009].

The goal of NLP, as stated above, is to accomplish human-like language processing. The choice of the
word ,processing” is very deliberate, and should not be replaced with ,understanding™. Although the
field of NLP was originally referred to as Natural Language Understanding (NLU) in the early days of
Al it is well agreed today that while the goal of NLP is true NLU, that goal has not yet been attained. A
full NLU System would be able to:
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e Paraphrase an input text
e Translate the text into another language
e Answer questions about the contents of the text
e Draw inferences from the text
While NLP has made serious inroads into accomplishing the first three goals above, the fact that NLP

systems cannot draw inferences from text makes NLU to remain still unaccomplished goal of NLP

[Liddy, 2001].

In order to fully achieve the above mentioned goals, NLP systems are currently studied at different
levels of natural language. These levels are: phonetics (deals with what sounds are used in human
speech), phonology (deals with how languages use and combine sounds), morphology (deals with how
languages form words), syntax (deals with how languages form sentences), semantics (deals with how
languages convey meaning in sentences) and pragmatics (deals with how people use language to

communicate) [Hockenmaier, 2008].

Current NLP systems tend to implement modules to accomplish mainly the lower levels of processing.
This is for several reasons. First, the application may not require interpretation at the higher levels.
Secondly, the lower levels have been more thoroughly researched and implemented. Thirdly, the lower
levels deal with smaller units of analysis, e.g. morphemes, words, and sentences, which are rule-
governed, versus the higher levels of language processing which deal with texts and world knowledge,
and which are only regularity-governed [Liddy, 2001]. This study is based on the morphology level of
NLP.

Nonetheless, NLP is an extremely problematical task. This difficulty emanates from the fact that natural
language (NL) involves a large number of classes and relationships whose existence is not transparent
from the surface structure of the natural language [Mao, 1997]. Such complication becomes even worse
for highly inflected Semitic language such as Ge“ez. In such languages, different word forms can be
generated from a single basic unit called the root. The following example shows just a few of the many
word forms that can be obtained from a single perfective root /f~g-d/ of third person singular masculine

(3psm) (see section 3.4 of chapter 3 for detailed discussion).
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Table 1.1: Some surface verbs of the root ¢ £ /f-g-d/ with subject marker ‘He’> (3psm).

No. \ Ge’ez Transliterated Gloss

1 bl faqada He liked

2 4P faqadéni He liked me

3 R I3 faqadénd He liked us

4 éPLh faqadaka He liked you(2psm)

5 4. Lnaov- faqadakmu He liked you(2ppm)

6 4. Lh, faqadaki He liked you(2psf)

7 IR X1y faqaddkn He liked you(2ppf)

8 bb & fagddo He liked him

9 é. Lav- fagddomu He liked them(3ppm)

10 | é+5 fagada He liked her

11 | éP&7 fagddon He liked them(3ppf)

12 | A0l 4+ L astdfaqad He caused others to like each other
13 | A0l 5 astdfaqda He caused her to be liked with
14 | h&PL afqada He caused somebody to be liked

15 | AL afqidéni He caused me to be liked

16 | A%PLY afqddna He caused us to be liked

17 | A%+Lh afqadaka He caused you(2psm) to be liked

18 | A% Lhov- afqadikmu He caused you(2ppm) to be liked

19 | A%PLh, afqadaki He caused you(2psf) to be liked

20 | AL afqadikn He caused you(2ppf) to be liked

21 | AP & afgado He caused him to be liked

22 | A& P Lov- afqgddomu He caused them(3ppm) to be liked
23 | AO-l4.+ Lav- astafagddomu He caused them(3ppm) to like each
24 | TéPR tafaqda He is liked by

25 | T4PL tafaqada He is liked with somebody

26 | h%PS afqida He caused her to be liked

27 | hFP&T afgddon He caused them(3ppf) to be liked

28 | Ant4P L, astdfaqidini He caused me to like with others

29 | A4 LY astidfaqidani He caused us to like with others

30 | ant4-PLh astidfagadaka He caused you(2psm) to like with
31 | AOt4-4Lhov- astafagdddkmu He caused you(2ppm) to like with
32 | An4-P£h, astafaqadaki He caused you(2psf) to like with
33 | A0t L7 astdfagdddkn He caused you(2ppf) to like with
34 | Attt & astdafaqado He caused him to like with others

35 | AftH4P &7 astdfagddon He caused them(3ppf) to like with

For computers to understand NLs, they should be made to handle such variants of the same basic word
form together with the unique meanings and the specific interpretations that each form has. This further

complicates the task for computers to understand NL.
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In this regard, works in computational linguistics or NLP systems tried to develop a system for
processing NL at different levels of complexity to have a general NLU system [Allen, 1996]. There are,
for instance, systems developed for processing NL at phoneme, word, sentence, and pragmatic levels.
These systems are developed in such a way that the output of a lower system can serve as an input for
the next higher level. For instance, the output of a morphological analyzer that works at word level
could serve as an input for syntactic and semantic parsers that work at sentence level [Uibo, 2001]. The
analyzer in this case will enable one to analyze the surface form (e.g. speculating) to its constituent
distinct parts called morphemes (e.g. /speculate/ and /ing/). Thus, the morphological analyzer will accept
the surface words as an input to analyze them into their basic lexical form together with the features tags

it has.

What distinguishes language processing applications from other data processing systems is their use of
knowledge of language. Sophisticated applications like machine translation systems, or robust question-
answering systems, require much broader and deeper knowledge of language. Such kind of systems need
to differentiate, for instance, word constructions like /'m and can ’t. Producing and recognizing these and
other variations of individual words (e.g., recognizing that /doors/ is plural) requires knowledge about
morphology, the way words break down into component parts that carry meanings like singular versus

plural [Jurafsky and Martin, 2006].

Morphological analyzer has vital role in NLP systems. It is used to analyze surface word forms, which
are the ones that are found in everyday communication, into their lexical components along with the
grammatical function of all morphemes affixed to it. Such a system is used as a subcomponent of NLP
in applications like machine translation, dictionary (lexicon) development, and spelling and grammar
checking [Harris, 1985]. Thus, it is the purpose of this study to design and implement an automatic

morphological analyzer useful for analyzing Ge“ez verbs.

Written Ge“ez can be traced back to the 4th century A.D. There are several witnesses confirming that
Ethiopia had its own ancient educational system and writings [Heinrich, 1896]. For example, one can
see various inscriptions which are written on the obelisks of Axum with Ge‘ez, Saba, and Greek
languages. The inscriptions narrate the activities of the then King of Ethiopia, King Ezana. This

indicates that different writings were used in the country since the ancient time. This language is used
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today only for religious writings and liturgical services in the Ethiopian Orthodox Tewahido Church

(EOTC).

1.2 Statement of the Problem

At any time a country has to protect its own philosophy, tradition, history, knowledge and sovereignty
which reflect its own identity as these all are the bases to development. Any kind of civilization agendas
proposed to be implemented in a given country should take such basic contexts of the country into

consideration.

Ethiopia is one of the ancient countries in the world. It has a well-defined history of more than three
thousand years [Lule, 1986], an ancient and well-developed educational system, philosophy and writings
[Heinrich, 1896] which are uniquely attributed to it. Furthermore, the country has its own language
[Dillmann, 1899] with its alphabets and numerical system, manuscripts, arts, calendar and hymns which
make it unique from all African countries [Bender, 1976]. Most of such identities of the country are

found being written in Ge*ez language.

Ge“ez is the classical language of Ethiopia. It is the language of many Ethiopian literatures and
manuscripts. Several ancient manuscripts', arts (¢dne), scriptures, heritages, historical, ethical and

religious chronicles that can be used as a primary source of knowledge are found in Ge“ez language.

The Ethiopic Bible contains 81 Books; 46 of the Old Testament and 35 of the New Testament. Of these,
scriptures like Enoch are notable since its complete text has survived in no other language but in Ge‘ez.
Other Theological and hymn books such as the /Ddgwa/, /Midraf], /Méwasdt/, /Zmare/, /Some Ddg"al*,
/8d’atat/ (literally means ,Book of Hours*- which contains day and night prayers ), /Mdshafd Mistr/ (the
Book of Mystery), /Gddld Sdmadtat/ (Deeds of the Martyrs), /Gddld Hawaryat/ (Deeds of the Apostles),
Synaxarium  (The Book of the Saints of the Ethiopian Orthodox  Church)
/Matshafa Berhan/ (the Book of Light) and /Matshafa Milad/ (The Book of Nativity), /Angasa Amin/

' The Ethiopian collection in the British Library comprises some 800 manuscripts written in Ge“ez dating from the 15th to
the 20th centuries, notably including magical and divinatory scrolls, and illuminated manuscripts of the 16th to 17th
centuries [ see http://en.academic.ru].

* /Ddgwa/, IMidrafl, /Mdiwasot/, /Zmare/, /Some Ddg"a/ are all composed by St. Yared, the father of Ethiopian church music
(hymn), and are used for prayer and as commentary of the Bible.
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(Gate of the Faith), /Fekkare Malakot/ (Exposition of the Godhead), /Retu’a Haimanot/ (True

Orthodoxy), etc. are found being written in Ge"ez.

Some of the historic books found in Ge“ez are /Mdshdfd Aksum/ (Book of Axum), /Zena Ayhud/
(History of the Jews), /Kibrd Ndgdst/ (Glory of the Kings; written by the Nebura“ed Yeshaq of Aksum is
among the most significant works of Ethiopian literature, combining history, allegory and symbolism in
a retelling of the story of Queen Sheba, King Solomon, and their son Menelik I of Ethiopia [Wallis,
1928)).

/Fitha Negest/ (Laws of the Kings) which was functioning as the supreme Law for Ethiopia until it was
replaced by a modern Constitution in 1931 and is now used as a source of laws and regulations both by
the church and the state is also one from among the Ge‘ez literatures. On the other hand, an arithmetic
and calendar book, called /Mdshdfd Abushahar/, which is used to calculate the Ethiopian calendar is also

found in Ge*ez language.

These resources can be used as source of philosophy, creativity, knowledge and civilization both to
Ethiopia and the rest of world. Indeed, a person who is intended to survey or conduct a research on
issues related to the history, tradition, custom, politics and long-lasting religion of the Ethiopians and
explore the works handed down from the previous generations to the current generation has to, first,
investigate these multi-functional scriptures and literatures. To use these resources, however, one must
know the language itself or else these literatures have to be translated into either of the currently spoken

languages manually —which may take ones lifelong time.

In addition to this, as the language is the ancestor of other modern Ethio-Semitic languages like Tigrinya
and Ambharic [Bender, 1976], professionals of these languages should also know the linguistic nature of
Ge"ez language to earnestly understand and investigate the nature of these modern ones. This is because
these languages use the scripts of Ge“ez and share a lot of words of Ge“ez. Besides, the tendency of
pronouncing more than two alphabets of Ge“ez in the Amharic language with the same voice and
confusing with “which to use when and where” is emanated from the lack of investigating the right

sound that the alphabets represent as they are in Ge“ez.

At large, studying the language in a scientific approach is the critical issue for one to have a deep

understanding of the identity of the nation. Nevertheless, the potential resources of evidence and
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knowledge are locked in a “knowledge tomb” box which is seldom visited only by some experts (Ge‘ez
scholars) for a specific purpose. This box is locked by a special key, the language Ge“ez. Lack of efforts
in making the language operational and in exploiting its usage with scientific approaches seems to be the
reason for people of the current generation to be ignorant of such resources. And hence, unlocking the
box by finding the key (Ge‘ez), studying the nature of the language computationally and finally
releasing the resources out with the help of Information Technology (IT) to be used by everyone of this
era is a critical assignment that deserves research. As the result, it is worth conducting research and also
to develop an automatic morphological analyzer for Ge“ez to contribute to the complete usage of the

language by the generation.

1.3 Objective of the Research Work

1.3.1 General Objective
The main objective of this research work is to design and implement a morphological analyzer model for

Ge'ez verbs.

1.3.2 Specific Objective
In order to achieve the general objective stated above, the study attempts the following specific
objectives:
e Studying the morphological property of Geez verbs to identify important properties to be
used by the analyzer;
e Reviewing the various techniques (or approaches) and identifying one which is found
appropriate for developing morphological analyzer for verbs of Ge*ez language;
e Developing a lexicon which is sufficient for demonstrating the prototype of the model;
e Formulating possible morphological rules of Ge*ez verbs to be used by the analyzer;
e Developing a prototype of morphological analyzer for Ge“ez verbs;
e Testing the prototype of morphological analyzer for Ge“ez verbs;

e Forwarding recommendations for further study.

1.4 Scope and limitation of the Study

We bound the scope of this study to verbs of Ge*ez language for the following reasons:
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e As many of the Geez scholars suggest in their various grammar books [Ziradawit, 1996],
[Kidand Wild, 1948], [Béilay, 2002], etc., verbs of Geez language have highly inflectional and
complex morphology in comparison with words of other POS category. The researcher has
worked out the ,declaration process"3 of the verbs to find the maximum possible inflections of a
given transitive verb, as an example, and affirmed that almost each of the transitive verbs of

Ge"ez has around 1388 possible surface verb forms (see the Appendix II from A to F).

e In any kind of text, it is impossible for a sentence to exist without having a verb in it. Words of
other POS category, however, are not necessarily found in any sentences. This indicates that the
probability of the occurrence of verbs in a given text is much higher than that of words of other

POS categories.

e Studying verbs of Ge“ez before words of any other category of the language is very important as
many of the verbs in Ge*ez are indeed the base for many words of other category. That is, there

are many nouns, adjectives and adverbs which are basically derived from verbs (see Table 1.2).

Table 1.2: Words of other POS category derived from a verb

' Verb | Derived words “Gloss " POS Category
P4, /qdtali/ Killer (male) Adjective
Il /qdtalit/ Killer (female) Adjective
P37 /qdtalyan/ | Killers (they,3ppm) Adjective
P31 /qdtalyat/ | Killers (they,3ppf) Adjective

P P-EA /qdtil/ Act of killing Noun

qaritis | Pl /qdtilot/ Act of killing Noun
PN /qtul/ Killed (male, singular ) | Adjective
P47 /qtulan/ Killed (male, plural) Adjective
PTNT /qtlt/ Killed (female, singular) | Adjective
Pl /qtulat/ Killed (female, plural) Adjective
P ot /qtlit/ Act of killing Noun

Further, the research is limited to the Ge“ez -1 /qdtdld/ category verb forms because they have a
dominant and representative nature among the other categories. As to the survey conducted by the
researcher on the New Testament of Ethiopic Version Bible, more than 46.81% of the verbs are found to
be sorted under this category. And hence, studying this category will imply studying roughly all other

categories with some modifications on the algorithms developed for this category verbs

3 The Phrase ,,Declaration Process® is used for what is known in Ge"ez AcQ #9°C or 4A1ch 0.
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The constraints we faced are the facts that the language does not have a native speaker who can give its
basic linguistic facts and that there is no study, as far as we know, done on the language so far from the

computational perspective.

1.5 Related Works

The fact that the design of morphological analyzer is comprised of two basic components - a lexicon and
a set of rules — is used in many morphological analyzer systems [Yona, 2004], [Shlomo& Wintner,
2005], [Beesely, 2003]. A morphological analyzer for Modern Hebrew [Yona, 2004] was developed
based on these two components. The set of rules comprehensively covers the morphological, morpho-
phonological and orthographic phenomena. The same approach was used by [Beesely, 2003] to develop
a morphological analyzer and generator based on these two components. A rule-based approach has
been employed as a principal approach in both of these works. The Hebrew analyzer was developed
using the finite-states as a leading technique whereas the Arabic system was developed using the two-
level morphological system. In both works, the analysis display the root, pattern and all other affixes

together with feature tags indicating part of speech, person, number, mood, voice, aspect, etc.

A morphological analyzer which does the analysis of simple Amharic verbal stems into their roots and
feature tags has been developed by Saba & Girma [2006]. This thesis focused on devising an analyzer
for Amharic verbs which have more of non-concatenative morphotactics nature and for its achievement
they have used the rule-based approach. The paper affirms that non-concatenative operations of vocalic
intercalation, reduplication accompanied by vowel insertion and radical reduction are the main
components of word formation processes in languages with non-concatenative morphology like
Amharic. Two of these operations, the vocalic intercalation and radical reduction, seem to be valid for

Ge'ez too.

Muluken [2007] has analyzed the declaration of Ge“ez verbs according to the three traditional schools of
/qdne/. He has tried to show the nature and declaration of Ge‘ez verbs according to the Ethiopian
scholars in different schools. He gave more emphasis to the Ge“ez verb paradigms and their
classification into heads and troops (details of heads and troops is given in section 3.4.3) or bases and

derivations according to both the Ethiopian and foreign scholars. We found it helpful for the
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understanding of way of classification of the verbs in the traditional schools of Ethiopia as the analysis

was purely from the linguistics perspective.

We have also reviewed the Ge“ez grammar books written by several scholars (Ethiopian and foreign
scholars) among which are the books Alidqa Kidand Wald Kifld [1948], Médmhr Zédradawit Adhana
[1996], Ligdhruyan Bélay Mékondn [2002], Aldga Afiwirq Zawda [1988], Dillmann [1899], Leslau
[1987: VI], Lambdin [1978], Ludolf [1699] and Bender [1976]. These books are used to study and
thoroughly understand the linquistic nature of the language based on the analyses provided by these

scholars on the Ge ez verbs.

1.6 Methodology

For the successful completion of this study, the following methods have been used.

1.6.1 Literature Review and Discussion with Ge’ez Experts

The primary sources of information for this study are scholars of Ge“ez in the EOTC who have studied
Ge“ez both traditionally and scientifically. Continous discussions with these scholars in the area of
Ge“ez language morphology were conducted to better understand the morphology of the language and
get information which is invaluable for the study. Other sources used for a thorough understanding of
the language are the Ge‘ez grammar /sdwasow/ books written by the foreign and traditional scholars
such as Aldqa Kidand Wild Kifld [1948], Mdamhr Zaradawit Adhana [1996], Dillmann [1899], Leslau

[1987: VI], etc. which are now found in different libraries, monasteries and churches.

Furthermore, a number of resources including research reports, journal articles, manuals, and other

published and unpublished thesis have been used for the following purposes:

e To understand the overall morphological structure of verbs of Semitic languages in general and
that of the Ge*ez verbs in particular for no previous computational works are available for this
language;

e To study techniques or approaches in morphological analysis and to adopt one that is found
appropriate to the current research work;

e To know the components a morphological analyzer should have to accomplish a correct and
efficient analysis.

e To know how to develop test data for morphological analysis research work.
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1.6.2 Knowledgebase and Algorithm Development

As the Hebrew and the Arabic analyzers, we too propose for the analyzer to have two components:
linguistically motivated rules and a knowledgebase. A knowledgebase, which basically contains the
facts and rules formulated based on the morphotactic of the language, is developed to help the analyzer

while identifying the features of the surface verbs in some stages of the analysis process.

Besides, algorithms are designed from scratch as there are no previously designed algorithms for this
purpose based on the morphological properties of the language to analyze any surface verbs of /gdtdld/
category to its constituent morphemes and to identify the role of each of the morphemes in the inflected

verb.

1.6.3 Development of the prototype morphological analyzer

A combination of the two rule-based approaches, namely the CV-based (see section 2.3.2.1 of chapter
two) and Two-Level Model (TLM) (see section 2.3.2.2) morphology are selected based on the
morphological properties of Ge“ez and are used in this study. The CV-based approach is used to help the
analyzer know the tense-mood, stem type and lexeme of the surface verb by identifying the templates of
each of the tense-mood forms of a given verb. TLM is then used to handle the phonological and
morphophonemic changes, which had been involved in the formation of the verb, during the analysis of

the verb back into its constructing forms.

Different lexicons as a knowledgebase and algorithms required for the development of the analyzer
using the above two approaches are also designed from the scratch, as there are no previously developed
Geez morphological analysis algorithms. While developing these algorithms, effort is waged to
consider the phonological and morphological properties of Ge“ez verbs. Then, a prototype
morphological analyzer for Ge“ez /gdtdld/ category verbs is developed to test the accuracy of the
algorithms. As a tool of development, we use Java NetBeans IDE 6.7.1 to show the prototype of the
morphological analyzer for Ge*ez /qdtdld/ category verbs. Java is chosen because of the following basic

qualities which our system requires:

e Java-based systems can run in any platform.
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e Java has vast amount of supplier and programmer support and acceptance.

For designing the lexicons, we use MS SQL Server Management Studio Express.

1.7 Testing Procedures

As a testing data, we have collected 1177 (neglecting repeatations) from all twenty seven books of the
New Testament of the Ethiopic Version Bible. The analyzer is fed with such verbs. Finally, the analysis
output of the system is cross checked with analysis of these verbs done manually by linguists. Upon the
experiment result obtained and suggestions forwarded from the experts, incorrect analyses are made to
be corrected and the performance of the system is also measured based on the number of correctly
analyzed verbs and of errors reported from the final testing of the system (details of the testing

procedures are given in section 5.3).

1.8 Application of the Results and Beneficiaries

Morphological analyzer is one of the most basic components of NLP [Harris, 1985]. Accordingly,
morphological analyzer will also be important component of the NLP to be developed for Ge“ez. Thus,
the beneficiaries of this study include researchers who need to take part in achieving the goal of
developing efficient NLP system for Ge‘ez language.

The study could also be used:

e As a base for building a full-fledged morphological system for Ge“ez;

e As a component for the development of higher forms of NLP systems such as machine
translation, spell-check, speech recognition, automatic dictionary (lexicon) compilation, POS
tagging, morphological synthesizer, automatic sentence construction, etc.

E.g., a very simplified version of morphological analysis is called Stemming. Stemming
is a process of obtaining a stem and affixes from a surface verb, where the stem is
theobjective of this operation. Its main use is as part of a term normalization
process that is very important for setting up Information Retrieval systems [Yona,
2004].

e To help Ge“ez learners.

e To put linguistically motivated structure of Ge“ez verbs;

e To build a morphological dictionary for Ge“ez verb, etc.
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1.9 Organization of the Thesis

This section describes the organization of each chapters of this thesis work.

Chapter two discusses about the basic concepts of language morphology, general terminologies used in

the study, types of morphologies and the basic approaches employed for this study.

Chapter three describes Ge*ez verbs and their formation process, the writing system of Ge‘ez language,
classification and issue of affixation in Ge“ez verbs, the conjugation patterns and stems of Ge“ez /qdtdld/
category verbs, declaration process of Ge‘ez verbs, irregular verbs, assimilation effects and other vowel

changes in Ge“ez language.

In chapter four, the main contribution of this study, the architecture of the model of Ge*ez verbs
analyzer, particularly for /qdtdld/ category verbs along with the implementation principle of the model
are discussed. Besides, it describes the design of the kowledgebase used as an expert by analyzer and the
application of the CV-based and TLM techniques in this study. Also described are all the algorithms

developed to be inforced by the analyzer while analyzing a given verb of the domain.

Chapter five dicusses about implementation of the prototype of the algorithms designed, the data set
(verb-set) prepared for testing the prototype, the experimental procedures followed to test the prototype
and the results achieved after testing the model of the analyzer proposed in chapter four. Also discussed

are the causes of errors encountered during the experiment.

In Chapter six, the conclusion, recommendations and future works are detailed upon the achievement of
the study. Finally, the references used in this study have been following this chapter. Also to the end is
the Appendices which covers the full set of Ge‘ez alphabets, the complete Ge“ez verb declaration
process to find all possible inflected surface verbs of a given lexeme form of a verb, the pseudo-codes of
some of the algorithms developed, sample features incorporated to the kowledgebase and sample of the

testing data.
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CHAPTER TWO
MORPHOLOGICAL ANALYZER

2.1 Introduction
As it is discussed in the first chapter, the central objective of this research work is to design

morphological analyzer of Ge'ez verbs. Morphology studies the structure of words. Morphological
analysis is the computational process which provides information about the structure of a given surface

word.

In this chapter, basic concepts of morphology and various computational approaches which can be used
to design morphological analyzers are discussed. We discuss the principal concepts and terminologies of

language morphology in section 2.2 and that of the approaches used in this study in section 2.3.
2.2 Concepts and Terminologies in Morphology

Morphology is the study of the way words are built up from smaller meaning-bearing units, called
morphemes [Jurasfsky and Martine, 2006]. Morpheme is the building block from which a word is made
up from. It cannot be broken down further into meaningful parts. Depending on the number of
morphemes they contain, words can be broadly categorized as simple and complex ones [Akmajian
et.al, 2003]. A word which contains a single morpheme is called simple word (e.g., the word /tree/ has
only one morpheme and, hence, is simple word) whereas a word of more than one morpheme is called
complex word (the word /trees/ is made up of two parts: the noun /tree/ and the plural ending /-s/ and,

hence, is complex word).

2.2.1 The Morphemes

As described above, morpheme is the minimum meaning-bearing unit in a language. Morphemes are
further categorized into two classes: ,.free” morphemes and ,bound” morphemes [Akmajian et.al, 2003].
A ,free” morpheme, for instance /book/, can stand alone as an independent word in a sentence. Such
words are also called monomorphemic as they consist of a single morpheme. On the other hand, bound
morpheme cannot stand alone but must be attached to another morpheme - as, for instance, the plural
morpheme /—s/ in the word /books/. A free morpheme is referred as “stem™ or ,jnain“ morpheme of the

word, as it supplies the main meaning, while the bound morphemes add ,additional” meaning of various
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kinds [Jurasfsky and Martine, 2006]. We also use, throughout the thesis, the term ,base stem™to refer to
the lexicon form morpheme which constitutes the basic part of the verb (as our focus is on verbs of
Ge'ez). For example, the English verbs /sang/, /sung/ and /sings/ are all surface forms® of the verbal
stem /sing/. As most of the Semitic languages do, we refer to the third person singular masculine (3psm)
form of the verb as ,Jexeme™ of the verb. Yet is this lexeme form of a verb which serves as an origin to
all surface forms of that verb. One basic task of the morphological analyzer is to parse the surface word

to its lexeme form, also called stemming”, in addition to the other features parsed together with it.

Bound morphemes can also be further categorized into two groups as affixes and contracted forms

[Akmajian et.al, 2003].

a) Affixes

Affixes are further divided into prefixes, suffixes, circumfixes, and infixes. A prefix is an affix which
precedes the seed®. In English, /re-/, /im-/, /un-/ in words like redo, impossible, and unlike are example
of prefixes. The hyphen (-) indicates the position of the attachment. Similarly, in Ge“ez, - /td-/, & /y-/,
and 7 /n-/ in words like -I4.®L /tifikdd/ (he is liked by), Lé.¢L ffiqd/ (he will like), and 74 T-A

/nqdtl/ (we will kill) are example of prefixes.

A suffix, on the other hand, is an affix which follows the seed. For instance; /~ize/ in an English word
modernize and nov- /~kmu/ in a Ge“ez word 4.4 Lhav- /figddkmu/ (you liked) (2ppm’) are examples of
suffixes. A suffix which is applied to every word of the same POS is called productive suffix [Jurasfsky
and Martin, 2006]. For instance, the gerunds suffix /-ing/ of verbs and the plural suffix /-s/ of nouns are

productive suffixes. Productive suffixes can even be applied to newly added words of the language.

A circumfix is the combination of both prefix and suffix which together attached to the seed to bring
different meaning from the former one. In Ge“ez, the combination of the prefix £/y-/ and the suffix A /-
d/ in the seed 4.¢% /fiqdd/, which becomes L-4.#L-h /y-fiqd-d/ (he will like), is an example of

circumfix.

*Surface formof a verb is any verb form of the lexeme found in texts. That is, it is the written form of the lexeme.

>Stemming is a process of obtaining a stem and affixes from a surface word, where finding the stem is the objective of this
operation.

%Seed is the name given to the part of a verb which doesn‘t have affix (see details in sections 2.3.1.2 of this chapter)

"2ppm — stands for Second Person Plural Masculine
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An infix is also another kind of affix which is inserted within the seed. Infixing in Ge“ez is realized with
the internal modification of the seed. Infixation of different vocalic patterns to the root of the seed

results at different verb-forms with varied tense-moods, person, gender, number, etc.

A morphology that uses the first three kinds of affixes (prefix, suffix, and circumfix) is called
concatenatative morphology whereas a morphology that uses infix in addition to the above three is said
to be nonconcatenatative morphology [Antworth, 1991]. Accordingly, Ge‘ez has geberally

nonconcatinative morphology.

One important point that should be noticed here is the fact that affixation and compounding are two
different aspects of morphology. Their major dissimilarity lies in the nature of morphemes they combine
[Trost, 2000]. Affixation attaches a bound morpheme onto a free morpheme whereas compounding
combines two freely standing morphemes to form another word forms. For example, the word
/shopkeeper/ is the combination of the two free morphemes: /shop/ and /keeper/. Alike to the English
compound words, Ge*ez compound words are separated with space but are compounded while speaking
and reading. But still, one morpheme of the compound is affected by the other. For example, the Ge"ez
words @A4%-t /wiladit/ (bearer) and A9°An /amlak/ (God) are two free morphemes. While compounding,
however, they produce wA4%1 A9°Anh /wiladitd amlak/ (God-bearer) -the vowel /d/ is added to the end of

the first morpheme.

b) Contracted Forms (clitics)
A contracted form morpheme, another category of bound morphemes, is a morpheme that acts
syntactically like a word, but is reduced in form and attached to another word. Such type of morpheme is
also called clitic. Cliticization is the combination of a word stem with a clitic. For example, the English
morpheme /,ve/ in the word /'ve is a clitic. Ge"ez doesn't have a clitic morpheme at all. In some Semitic
languages like Tigrigna, an official language of Eritrea and Tigray in Ethiopia, however, clitic
morphemes are common. For example, the word h9°A-'@-7 /kdmu 'wun/ (in addition), in Tigrigna, is the

cliticization of the phrase h9°h- a@-7 /kdmu Owun/ and hence, the morpheme ‘®-7/*wun/ is a clitic.

2.2.2 Word Structure: Morphotactics
Every known language has systematic rules which govern pronunciation, word formation, and
grammatical pronunciation. Further, the way in which meanings are associated with words or phrases of

a language is characterized by regular rules [ Akmajian et.al, 2003]. Accordingly, there have to be a kind

Page | 16



of rules that govern the arrangement of morphemes to create a word. Usually, it is the word grammar of
one‘s language that determines these rules. A subfield of morphology that deals with such rules is called

morphotactics.

Morphotactics are rules by which complex words are built up from simpler words and morphemes and,
conversely, these same rules permit complex words to be analyzed into simpler ones [Akmajian et.al,
2003]. That is, it is a word grammar which puts several constraints on how the morphemes should be
arranged to create a natural word found in any text written with that language. This implies that
morphotactics is language-specific, which in turn, leads to a more general conclusion that morphology is

too.

In order for the morphological analyzer to parse surface complex words robustly back to atomic
constituents, it should take the morphotactic rules into account. For instance, verbs in Ge‘ez, as in most
Semitic languages, cannot be spoken or written without having subject marker either being suffixed or
circuffixed to their seed. For example: rules like- the subject markers of verbs precede object markers
(see section 3.5); if a verb has the negative marker prefix /i-/, it should be found before the subject
marker of that verb- are examples of general morphotactic rules for Ge*ez verbs. Missing such rules will
result in errornous analysis. And hence, the analyzer ought to have a component with a role of enforcing
these rules and help it in determining the constituent features® of complex words while parsing’ -i.e., the

morphotactics.

When morphemes concatenate to form a larger unit, the sound or shape of morphemes may be
influenced and results in orthographical or phonological changes. This kind of influence is called
phonological influence. Phonology is another subfield of linguistics that study the structure and
systematic patterning of sounds in human language [Akmajian et.al, 2003]. Besides to the morphotactic
rules, phonological rules are also applied during the formation of a word from morphemes which, then,
results in phonological and assimilation effects. For example: when the English prefix /in-/ concatenates
with a free morpheme /possible/, then it becomes influenced (changed into /im-/) and produce the

complex word /impossible/ as the result of the concatenation process. A discipline called

¥Features specify additional information about the word. These are aspect, tense, mood, voice, etc.
’Parsing means taking a surface word as an input and extracting some sort of linguistic features for it. For e.g., going can be
parsed into its verbal stem go and the —ing morpheme, as VERB-go + GERUND-ing
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Morphophonology, which merges both morphology and phonology, deals with these changes and their
fundamental reasons. Indeed, the morphological analyzer should also have a component which takes

care of these phonological changes encountered while parsing the complex words.

2.2.3 Types of Morphology

There are two productive ways to form words from morphemes: inflection and derivation [Katamba,

1993]. And hence, we have correspondingly inflectional and derivational morphology.

Inflection morphology deals with the combination of a word seed with a grammatical morpheme,
usually resulting in a word of the same POS as the original seed, and usually filling some syntactic
function. For instance, English has the inflectional morpheme /-s/ for marking the plural on nouns.
Similarly, Ge'ez has the inflectional morpheme hov</kmu/ for marking the 2ppm subject'®. An
inflectional morpheme affects the grammatical function (also called morphsyntactic'') of the stem but
not it's POS. It is due to inflection that the different surface forms are produced into use. For example, in
English, the verb /play/has surface forms /plays/, /played/, /player/ and /playing/ as inflected word forms
which are produced by adding the 3™ person singular marker /-s/, the perfective marker /-ed/, the
adjective marker/-er/ and the gerund marker /-ing/ respectively. This fact remarks that the word forms
produced after the inflection of the verb /play/ are all verbs, which means no change of POS category is
resulted due to the affixation. In Ge“ez, we have assured through the declaration process (see section
3.7) that a given transitive verb can have more than 1388 inflectional surface forms (see the Appendix II

from A to F).

Derivation morphology, on the other hand, deals with the combination of the word seed with a
grammatical morpheme, usually resulting in a word of a different POS, often with a meaning hard to
predict exactly. For example, the verb /computerize/ can take the derivational suffix /—ation/ to produce
the noun /computerization/. Likewise, Ge“ez has derivational affixes which, if they are added to word,
can result in a word of different POS category. For example, the verb &.7@ /fdndwd/ (he sent) can take

the derivational suffix /-i/ to produce the adjective 4.9 fdnawi (sender).

"Subject, in this case, is the doer of the action.
' Morphosyntactic: any morphologically distinguished class of words that plays a part in syntax.
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2.2.4 Prosodic (Nonconcatenative) Morphology

Traditional morpheme theory is ideal for the description of word-building processes where by morphemes
are concatenated (i.e. are attached one after the other). This theory is not at all well suited to the task of
describing nonconcatenative morphological processes involving, for example, infixation or the internal
modification of the root. So, although it has been recognized for a long time that, in Semitic languages, the
root, usually consisting of three consonants (e.g. /fgd/ ,Jlike®), serves as the skeleton to which flesh is added in
the process of word-formation, before the advent of prosodic morphology, there was no theoretically

effective way of describing this method of word-formation [Katamba,1993:165].

Prosodic morphology was initiated by McCarthy (1979, 1981). He noted the similarity in the behavior of
vowels introduced into consonantal roots by morphological processes in Arabic on the one hand, and
that of phonological prosodies, such as tone spreading, on the other. He hypothesized that the verb in
Arabic has elements arranged on three independent tiers at the underlying level of representation in the
lexicon, the three tiers being the root tier (also called the consonantal tier), the skeletal tier and the

vocalic melody tier. Below is an example in Ge“ez:

Root tier: f q d
4 4 A
Skeletal tier: c vCv CV
A A A
Vocalic melody tier: a i 0

Figure 2.1: CV-based formation of the Ge’ez verb é.€& /figido/

The above three independent tiers give the Ge®ez verb /fdqgido/ (he, having liking it). These three tiers
are linked together by association lines. The three universal conventions for making associations

between the prosodic templates and the auto-segmentalized strings are as follows (McCarthy, 1981):
a) The meaning of a verbal lexeme is signaled at the root-tier by the consonantal segments. Usually a

verb has three consonants in its underived lexical entry in the lexicon. Thus the root /f-g-d/ in Ge“ez

represents the lexeme /ike, which is realized by a variety of verb-forms.
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b) The skeletal tier (which is also called the CV-tier or prosodic template tier) provides a canonical
shape that is associated with a particular meaning or grammatical function. The template
C,V1C,V,C5V3, for instance, carries the grammatical meaning gerundive. Hence /fdgido/ means 'he,

having liking it'.

¢) The vocalic (vowel) melody tier provides information analogous to that carried in English by
inflectional affixes like tense, aspect, number or derivational affixes. For instance, in the above
Ge“ez verb /fdgido/, the vocalic pattern /d-i-o/ indicates that the tense of the verb is gerundive. The

last vowel /o/ indicates that the person is third person masculine and the number is singular.
2.2.5 Computational Morphology

Morphology deals with the internal structure of words. Computational morphology, on the other hand, is
intended to handle the task, morphology, automatically with the use of computers and computational

methods. Generally, the task of computational morphology is surface word analysis and synthesis.

Word analysis or recognition is the process of parsing or tokenizing a word form into its ingredient
morphemes, whereas word synthesis or generation does the reverse process, which is the process of
producing a word form from its constituent morphemes. The analyzer would accept as an input a surface
form such as /cries/ and returns an underlying form divided into morphemes, namely, /cry/ + /s/. On the
other hand, word form generator would accept as an input a lexical form (such as /cry/ + /s/) and returns
the surface form /cries/. These processes demand identification of word form components (for example
seeds and affixes) and taking account of the regular phonological or orthographical? alternations due to

morphological, and morphophonological processes involved.

2.2.6 Morphological Analyzer

Morphological analysis is the computational process which provides information about the structure of a
given surface word. An analysis can produce morphological and morphosyntactic features such as the

root, tense, person, number, etc. A very simplified version of morphological analysis is called stemming.

Orthographic rules are spelling rules used to model the changes that occur in a word, usually when two morphemes
combine.
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Stemming is a process of obtaining a stem and affixes from surface words, where the stem is the
objective of this operation. Its main use is as part of term normalization proces that is usually done when
setting up Information Retrieval systems. This is an easier and simpler problem than morphological

analysis, as the morphological properties of the stripped affixes are ignored.

The component of NLP which does the word analysis process is called the morphological analyzer
(parser). Such a component should separate and identify the component morphemes of the input word,
labeling them with sufficient information to be useful for further processing. The design of the
morphological analyzer is divided into two main components: a lexicon as a knowledgebase and a set of

linguistically motivated rules [ Yona, 2004].

2.2.6.1 Knowledge Required by Morphological Analyzer

One of the basic components that analyzers should have is deliberately designed lexicon to be used as a
knowledgebase. This enables the analyzer to carry out the analysis process correctly and effectively.
Even though some basic knowledge is common to most analyzers, the detailed knowledge is language-
specific. Pullman [1988] noted that the following are the two main types of knowledge that needs to be
represented for analyzers.

1. Knowledge about orthography or sound changes upon aftixation; and

ii. Knowledge about the syntactic or semantic properties of affixation (that is,

inflectional and derivational morphology) — i.e., Morphotactics

Moreover, the analyzer should have knowledge of the syntactic or semantic properties of the vocalic
patterns of the seed particularly for Semitic words. This is because the vocalic patterns of the seed in
Semitic languages can determine the inflectional and derivational category of a word. For example, the
two Ge'ez words é.PL& /faqddd/ (he liked) of vowel pattern 111 (all first order vowels'") and 4.4,
/fdqadi/ (one who liked) (3psm) of vowel pattern 143 (first, fourth and third order vowels, respectively)
are derived from the same root @®€ /fqd/ (like) but have different syntactical function due to the

different vocalic patterns they possess.

" See Section 3.2 for the details of order of alphabets of Ge“ez
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2.2.6.2 Sources of Rule Used by Morphological Analyzer

As pointed out in section 2.2.2, a language has its own systematic rules governing pronunciation, word
formation, and grammatical pronunciation. Words are formed based on language-specific strict
morphotactic rules which govern the way of concatenation of the morphemes while forming the word.
For example: the surface verb A.é.4Lng°Pav- /ifigidkmwomu/ (You-2ppm- didn‘t like them-3ppm) has
four morphemes: /i-/, /fdqdddy/, /-km/ and /~-womu/, where the first and the last two are bound morphemes
and the second one is free morpheme. However, if such word grammars don‘t restrict their formation,
we can formulate randomly the following possible word forms from these four morphemes:
he.PLagePov- [ifiqdadkmwomu/, Pov-b.dLnI°h. /womufdqddkmi/, AF°h.é.bLPov- /kmifiqdidwomu/,
A nPeLPov-d b L [ikmwomufiqdd/, etc., where all but the first are wrong formations according to
grammar of Ge“ez. As a result, such ground rules of word formation should be given to the analyzer to

take care of the concatenation order of the morphemes during analysis.

In addition to the aforesaid rules which governs which morpheme comes next to which, there are rules
that manages phonological and orthographical changes which are likely to occur during the
concatenation process of the morphemes to produce the inflected forms. Such rules too should be the

basic elements of the set of rules formulated to be used by the analyzer for its robust analysis process.

In general, the basic sources of rules used by the morphological analyzer are the rules employed during

the word formation process as the analysis is done depending on such strict rules.
2.2.6.3 How a Morphological Analyzer Works

The morphological analyzer starts its analysis by taking surface forms of verbs sequence as an input and
returns an output of lexical forms, i.e. underlying lexeme and other morphosyntactic features. The

following figure shows the input and output of a morphological analyzer.

T
Sequence of ——p Morphological Analyzer ——» Lexeme and other
Surface Verbs morphosyntactic features

Figure 2.2: Overview of how a morphological analyzer works.
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Morphology, as described so far, is all about structure of words. And hence, sentences of a document
have to be tokenized into words. Then, such verb(s) is/are fed to the analyzer and get parsed. At the end
of the parsing process, the analyzer returns the lexeme and all valued morphosyntactic features as an
output. For instance, if the input to the analyzer is the surface word /fdgdddkmwon/, then the analyzer

will return the following array of strings as an output.

Table 2.1: Sample of the analysis produced by the developed morphological analyzer
Verb Lexeme Stem Tense-Mood SMS subPNG' OMS objPNG"”

fdqdddkumwon  fdqdde  Base-stem  Perfective -kum  2ppm -won 3ppf

The output returned by the analyzer in this way will be an input to the next higher step of the NLP

application.

2.3 Approaches to Morphological Analysis

Natural language processing approaches fall roughly into four categories: symbolic (rule-based),
statistical (corpus-based), connectionist, and hybrid [Liddy, 2001]. Of these, the most commonly used
approaches for morphological analysis are the first two: rule-based and statistical approach [Kazakov

and Munandhar, 2000].

Rule-based perform deep analysis of linguistic phenomena and are based on explicit representation of
facts about language through well-understood knowledge representation schemes and associated
algorithms. Statistical approaches, on the other hand, employ various mathematical techniques and often
use large text corpora to develop approximate generalized models of linguistic phenomena based on
actual examples of these phenomena provided by the text corpora without adding significant linguistic
or world knowledge. In contrast to symbolic approaches, statistical approaches use observable data as
the primary source of evidence [Liddy, 2001]. The following subsections give the detail of these two

approaches.

'* subPNG stands for subject Person Number Gender of a verb.
1> 0bjPNG stands for object Person Number Gender of a verb.
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2.3.1 Statistical Approaches

Statistical approaches do not strictly follow explicit theory of linguistics [Kazakovand Munandhar,
2000]. The approaches are completely based on test corpora, which constitute the input data.
Approaches in this category use some algorithms to learn, say about the word formation process of a
language from a given corpus and perform the analysis based on this knowledge. Moreover, the
employed algorithms are subject to modification and further fine-tuning during the operation [Kazakov

and Munandhar, 2000].

Statistical approaches are further divided into supervised and unsupervised based on the type of test
corpora they use. Unsupervised approaches use heuristics or probability information generated from the
test corpora to generate the morphological analysis system [Kazakov and Munandhar, 2000]. In this
approach, no sample outputs are given. Kazakov and Munandhar argued that this approach reduce the

cost of browsing annotated corpora.

Supervised approach, on the other hand, requires annotated text corpora. In this case a trainer input is

provided, which tells the system the outputs required for a given input.

From the facts under statistical approaches, whether supervised or unsupervised, we noticed that they do
not firmly follow linguistically motivated rules, rather are completely based on test corpora.
Morphological analysis, however, chiefly relies on the sophisticated linguistic rules of one‘s language.
In another word, it is a process strictly done as per to the morphotactics, morphosyntactic, phonological
and orthographical rules of the respected language. As a result, we didn‘t use this approach for this

study.

2.3.2 Rule-based Approaches

Rule-based approaches are based on a theory of morphology laid down by experts. This group of
methods enables one to incorporate sophisticated linguistic theory, such as generative phonology, into
computational morphology processes. Because of their reliance on linguistic theories, systems
developed using such approaches are often efficient and produce better quality outputs [Karttunen,

1983]. Moreover, Karlsson and Karttunen [2000] indicated that rule based approaches are tested quite
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for a long period till now, and there are a number of systems developed using this approach both for

commercial and research purposes.

As described earlier, most of the morphological analyzers are done using the rule-based approaches. The
reason why morphological systems are developed using rule-based approaches is because they manage
the following basic qualities over those systems developed using statistical approaches. Such advantages

include the following as indicated in Karlsson & Karttunen [2000]:

Data-compaction: Morphological systems developed using rule-based approaches require less storage
than morphological systems developed using statistical approaches.

High speed: Morphological systems developed using rule-based approaches are faster than those
developed using the statistical approaches.

Better Accuracy: Morphological systems developed using rule-based approaches are reported to have
better accuracy than those developed using statistical approaches.

Better adaptability: Morphological systems developed using rule-based approaches are easier and more

straight forward to twist or modify for the purpose of correcting errors.

Furthermore, an analyzer developed using rule-based approaches can contribute advantage of
reversibility; i.e., it is pretty straight forward to develop a morphological generator for that language
from the rules used by the analyzer for both of them are strict to the exhaustively dealt rules of that
language. Due to this and other aforementioned chief advantages of rule-based approaches against the

statistical one, we prefer to use the rule-based approaches in this study.

There are a number of rule-based approaches for morphological analysis. Among them are two-level
model (TLM) of morphology, CV-Based approach and FST-based approach. This section reviews the

first two approaches that have close relevancy to this study.
2.3.2.1 CV-Based Approach or Root-and-Template Morphology

In his application of auto-segmental theory of morphology to Arabic, McCarthy [1981] proposed that a
word can be regarded as having separate auto-segmental tiers for vowels (that marks information about

voice and aspect) and consonant melodies (also called root, and which conveys the basic semantic
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meaning) that are intercalated to a core template comprising CV- (also called Binyan) elements through
universal and language-specific conventions. These association conventions are constrained by the same
set of well-formedness conditions independently motivated for tone, vowel harmony and other prosodic

features.

Ge'ez is a Semitic language whose morphology is quite similar to that of Arabic [Dillmann, 1899].

Thus, the points raised by McCarthy in relation to Arabic morphology seem valid for Ge“ez.

The type of morphology characterizing Semitic languages is commonly known as nonconcatenative
morphology. Nonconcatenative morphology differs from its concatenative counterpart in that, apart
from prefixation or suffixation, it has a morphology pervaded by a wide variety of purely morphological
alternations internal to the stem. For example, infixing different vocalic patterns can produce different

word forms. The following example could help to easily illustrate the aforesaid discussion.

Table 2.2: CV-based formations of seeds and words

f-q-d Ci VG VG, faqdd he liked Verb
CiViC.CCs | fdgad Somebody(male) who likes | Adjective
C1V1C2V2C3 fc'iqid To Like Noun

As can be seen from the above table, the prime mover of a word is the root. It is a skeleton to which the
flesh is intercalated to produce the possible stems of a word. As skeleton of an organism without flesh is
dead, too is a root without vowels. On this point, one should notice that the intercalation process of the
vocalic patterns and consonants (the root) is absolutely language dependent. And hence, different verbal
stems are produced from a language-oriented template. In this study, we call the immediate product of

eel 6

the intercalation process ,seeds™'®. We call it seed for it has not any subject marker'’ that is affixed to a

' The naming is taken from the concept of root, stem vessels, leaves and fruits of plants. These are correspondingly root,
templates, seeds and verbs in our case. The root for a plant is a very beginning in the life of the plant, so is the root for the
existence of a verb. The stem of a plant is comprised of different vessels through which the leaves gain necessary nutrition
for survival. Same is the importance of the template, which is comprised of vowels and consonants, for the existence of
the seeds in our case. The end product of growing up of plants is to yield fruits which can be used by other organisms.
Too is the growing up of seeds to form verbs that can be used in speech and natural language texts. We should notice from
this scenario that as the stem vessels of a given plant are many in number too is the number of the templates which are
created after the participation of different vowel patterns. Likewise, the seeds, which are the immediate results of the
templates, are also many in number, yet is true for the verbs which are formulated as the result of the growth of the seeds
via affixation.
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seed to make a verb. Thus, seed is the second stage, next to the root, in the verb formation process which
demands at least a subject marker to grow to be a verb. After the affixation of respective subject markers
to each seed, however, each of the seeds flourishes to form a verb and begin used in the natural texts of
the language (see figure 2.3). This is a third stage of verb formation in Ge‘ez. Verbs, in turn, can have
many inflected forms which are found as a result of the affixation process (the details of verb formation

in Ge“ez language is given in the third chapter).

Stage-1 Stage-2 Stage-3
Root Templates|—»| Seeds Verbs
Vowels Affixes

Figure 2.3: The general overview of verb formation process

Figure 2.3 depicts the general overview of Ge“ez verb formation process. As shown in the figure, seeds
are created as the result of intercalation of roots and vowels in defined templates'®, which indicates the
non-concatinative part of the Ge“ez language. This intercalation process forms the second stage of verb
formation. The third and complex stage that brings verb formation to its natural level is the addition of
affixes to the seeds. This affixation process which results in the person-number-gender and tense-mood
formations (detailed discussion is given in sections 3.5 and 3.6 of chapter three) is the concatinative part

of Ge'ez verb formation.

Consequently, just opposite to the verb formation process described above, the analyzing process undo
the formation process starting from the final stage back to the root stage. As the primary objective of the
morphological analyzer is to break down the word into its lexeme-form and other constituting
components altogether, the parsing process stops once it reaches at the base-stem'’ level. There is no
need of returning the verb back to its root form as all needed is to find the lexeme® together with the

morphotactic features.

7 A detail of subject marker is given in section 3.5 of chapter three.

"Root + vocalism + template = seed

' Details of stems is given in section 3.6 of chapter three

%% The lexeme is adictionary form of a verb usually 3psm verb as in all Semitic languages.
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Therefore, the CV-based approach is used in this study while analyzing the surface verbs into their
corresponding lexeme stems. As pointed out in table 2.2, the seeds are represented by the templates.
Since each seed has got a unique template, the analyzing process is done to return the surface verbs back
to this template. While mapping the verbs back to their lexeme forms based on the template already
formulated, various morphological and phonological changes such as assimilations and vowel changes
are also recognized. In general, the template is the highway through which the analyzing process of the

surface verb to its lexeme form is carried out.

2.3.2.2 Two-Level Model of Morphology (TLM)

A major breakthrough in the field of morphology came in 1983 when KimmoKoskenniemi, a Finnish
computer scientist, produced his dissertation, Two-level morphology, a general computational model for
word-form recognition and generation [Koskenniemi, 1983]. Koskenniemi's model of two-level
morphology was based on the traditional distinction that linguists made between morphotactics and
morphophonemics, which accounts for alternate forms or spellings of morphemes according to the

phonological context in which they occur.

Koskenniemi's model is two-level in the sense that a word is represented as a direct, letter-for-letter
correspondence between its lexical or underlying form and its surface form. An example showing the
generation of the word 'chased' is given in two-level representation as follows. In this case, + is a

morpheme boundary symbol and 0 is a null character.

Table 2.3: The generation of the word chased using the two-level model

Lexical form c H a S € I e

Surface form c H a S 0 0 e

Shortly after Koskenniemi's dissertation appeared, Lauri Karttunen and others produced a LISP
implementation of Koskenniemi's two-level model and dubbed it as KIMMO [Karttunen, 1983]. The
main components of the KIMMO parser are shown in Figure 2.4. It had two analytical components: the
rules component and the lexical component, or lexicon. First, the rules component consisted of two-level
rules that accounted for regular phonological or orthographic alternations, such as /chase/ versus /chas/.
Second, the lexicon listed all morphemes (seeds and affixes) in their lexical form and specified

morphotactic constraints. For example, the lexicon would have included lexical entries for the verb stem
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/chase/ and the suffix /-ed/, and would have specified their relative order. Using these data components
were two processing functions, the generator and the recognizer. The generator would accept as input a
lexical form such as /spy/ + /s/ and return the surface form /spies/. The recognizer would accept as input
a surface form such as /spies/ and return an underlying form divided into morphemes, namely /spy/ + /s/,

plus their grammatical role such as N+PLURAL.

PC-KIMMO is a new implementation for microcomputers of a program dubbed KIMMO after its
inventor Kimmo Koskenniemi [see Koskenniemi, 1983]. It is of interest to computational linguists,
descriptive linguists, and those developing natural language processing systems. The program is
designed to generate (produce) and/or recognize (parse) words using a two-level model of word
structure in which a word is represented as a correspondence between its lexical level form and its
surface levelform.

TLM of morphology is used in this study during verb affixation analysis.

Lexical Forms:
Books > Analyzer Book + s
y T [N (book) + PLURAL]

|

Rules J Lexicon J

Source Form: l 1
Books < Generator J< Book + s

Figure 2.4: Main components of Karttunen's KIMMO Parser

2.4 Summary

Various computational morphology concepts are discussed in this chapter. The discussions included in
this chapter on the approaches will be applied in chapter four to develop the model of the morphological

analyzer for the Ge"ez verbs. The next chapter will discuss Ge*ez verb formation.

Page | 29



CHAPTER THREE

VERB FORMATION IN GE’EZ
3.1 Introduction

This chapter discusses the verb formation processes in Ge“ez. As it is described in the first chapter, verb
is the most important part of the language which serves as a basis for almost all other POS categories in
the language. While showing the importance of verbs in Ge“ez, Zaradawit [1996] says that the verb is
the language.

Linguistically, Ge“ez is studied by many Ethiopian and Foreign scholars. Among the Ethiopian scholars,
the analysis and discussions given by Aldga Kidand Wald Kifld [1948], Mamhr Zaradawit Adhana
[1996]*', Ligahruyan Bilay Mikonin [2002], Aliga Afawirq Zawda [1988] and Mamhr Rizdni Kidani
[1998] are used for this study. In addition to this, the analysis and discussion done by the foreign
scholars namely Dillmann [1899], Leslau [1987: VI], Lambdin [1978], Ludolf [1699], Bender [1976]
are also used for thorough understanding of the language. As the language does not have a native
speaker, our potential resources are books. Furthermore, the linguistic work of Mulukdn [2007] is also
used to understand the way of classification of Ge‘ez verbs in the traditional schools of #% /qone/ found

under the EOTC.

3.2 Ge’ez Writing System

From among the languages of Ethiopia®%, the only language which has its own alphabets is Ge“ez. Other
languages like Amharic® and Tigrigna®* do not have their own alphabets but have adopted these
alphabets fully from Ge“ez [Dillman, 1899]. Intuitively, an alphabet (/fiddl/ in Geez) of a language

represents its sound. Ge“ez sounds can be studied by dividing them into two as simple-sounds and

21Zeradawit Adhana, who is now a teacher of Ge*ez language and New Testament at the Holy Trinity Theological College of
the EOTC, seems to be the first Ethiopian Ge*“ez Scholar to study the language scientifically in his book @oC:-¢ aPam- na»ry
Ann /Mdrho Siwasw Zilisand Ge ez/. Other Ethiopian scholars have studied the language traditionally as it is given in the
traditional schools of /gone/ of the EOTC.

*? Ethiopia has more than eighty languages.

> Amharic adds seven more alphabets, which are yet derived from the alphabets of Ge"ez by employing some modifications
on them (Dellman, 1899: Appendex Table I)

** Tigrigna adds twelve more alphabets
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complex-sounds [Zaradawit, 1996]. Simple-sounds are represented with 182 alphabets. Of these, seven
of them represent vowel sounds: A/d/, h/u/, KJi/, A/a/, k/e/, &/3d /and h/o/. Whereas, the remaining

represent consonant sounds.

Prior to the modification performed by the first Ethiopian Bishop, Abba Fremnatus, the total number of
Ge"ez alphabets were twenty six each with vowel sound &/d/. After the modification, however, every
consonant was combined with other six vowel sound alphabets to produce six more derived alphabets
[Zéaradawit, 1996]. For example, the combination of the original alphabet v/hd/ with the six vowel sound
alphabets ~/u/, n./i/, A/a/, h/e/, &/3/ and h/o/ yields six more derived alphabets as: v~/hu/, t./hi/, 1/ha/,
%/he/, v/h/ and W/ho/ respectively.

In general, Ge“ez has totally twenty six alphabets, each with six more derivations. And hence, it has
26x7 = 182 alphabets representing simple sounds. Doing the same derivation for every twenty six
alphabets, a matrix of 26x7 size is produced. Each of the columns are labeled as 24N /ge’ez/ (first-
order), ha-N /kadb/ (second-order), AAn /sals/ (third-order), &6 /rabd/ (fourth-order), -h9°n /hams/
(fifth-order), aLa /sads/ (sixth-order), and A4-Né /sabd/ (seventh-order) of alphabets. The orders
represent the sound of each of the vowels. For instance, if we take the verb 4.4 &+ /fdgdidto/ (she liked
him), the alphabet é4./fd/ is read as @:h/fd/, where A/d/ is a vowel with first-order sound. And hence, it is
sorted under the first column /first-order/ category. Likewise, the alphabets +/qd/ and £/dd/ both are
sorted under the first-order group. The alphabet -#/fo/, however, is sorted under the seventh column for it

is read as ‘A /to/, where h/0/ i1s a vowel with seventh-order sound.

The complex-sounds, on the other hand, are represented with twenty letters. The alphabets are four in
number. These are: he/k"d/, t/g"d/, ®./q"d/, and -t=/h"d/. Unlike to the simple-sound alphabets, which, as
described above, have seven orders, alphabets representing complex-sounds have only four derived
alphabets, which are produced after the combination of the simple-sound alphabets h /kd/, 1V/gd/, ¥/qd/
and -v/hd/ with the vowels A/G/ and A/0/ and the semi-vowels @w/wd/ and ?/yd/ in different patterns. For
example, the alphabets he/k*d/, a/k*0/, a~/k'/, n/k"a/ and 0. /k*e/ are derived due to the combination of
the vowel and the semi-vowel sounds with the consonant h /kd/ as described by Zaradawit [1996: 16].

Example: h /kd/ T & /d/ T o /wd/ = ne/k*d/ (formation of the alphabet f-)
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A list of the Ge“ez alphabets adopted from Zéiradawit and used in this study is found in Appendix I.
Further detailed discussion on Ge“ez writing system is found in his book /Mdrho Sdwasw Zdilisand

Ge’ez/.

3.3 Formation of Ge’ez verbs

A verb in Ge"ez must pass through three stages of formation: seed formation, tense-mood formation and
that of person-gender-number formation [Dillmann, 1899:140]. These three stages of formations of

verbs are discussed phase by phase in this chapter. In this section, only seed formation will be discussed.

As described in the second chapter (section 2.3.2.1), Semitic language verbs are produced as the result
of the intercalation of vowels and roots in a certain template. This fact is valid for Ge“ez verbs too. Such
intercalation of vowels and consonants in a given template produces what is called seed”. The produced
seed grows up to a more natural verb form by attaching itself to tense-mood and person-gender-number
marker affixes. Each seed has its own unique template. This essentially implies the fact that verbs do
have different templates. Their basic difference lies on the type of vowels participated during the
formation process. More precisely, the initial, medial, final alphabets of these seeds results at one true
difference among verbs of Geez. The following sub-sections describe thoroughly the aforesaid

difference.

3.3.1 Initial Orders of Ge’ez Verbs

As discussed in section 3.1, a consonant sound combines with each of the seven vowel sounds of the
language to form what are called /ge’ez/, /kadb/, /sals/, /rabd/, /hams/, /sads/, and /sabo/. Among these
orders, /kaob/ and /sals/ do not occur in initial position of verbs. The other five can occur in initial
position as recognized by many of the Ethiopian scholars [Kidand Wald, 1948], [Zaradawit, 1996],
[Rézdnd, 1998]. The system of these scholars takes CV-template as a basic unit to determine the

category of verbs. Accordingly, the orders that occur in initial position include for example, v/hd/, 1/hal,

%/hel, v/h/ and ¥/ho/.

> We prefer to call the immediate result of the intercalation of vowels and consonants as seed after the reason that it does not
have meaning until a subject marker (at least) is affixed to it.
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The Ethiopian scholars believe that the base for any verb is what they call ,relative seed*?® or ,father

dcc27

seed™’. According to them, a verb is derived either from its father seed or its relative seed. The father

form is an infinitive form, like &.&€ /fdqgid/ (to like).

According to Kidand Wild Kifld [1948], a verb is formed only from a father seed, whereas modern
scholars argue that the formation process begins from the root, which is purely consonantal. Mulukin
[2007] argued that the ,seed and ,root™ are more or less the same. For him, the difference of these two
terms is in the vowels of the seeds. Further, he argued that if we remove the vowels in a seed, we get the

root.

The researcher also agreed with the argument of Mulukén and would prefer to call the prime mover of a

verb as ,yoot“and the immediate result of the intercalation of the root and the vowels as ,seed*

3.3.2 Terminal Orders of Ge’ez Verbs

Some of the Ethiopian scholars believe that the terminal orders in Ge“ez verbs are only /ge’ez/ and
/hams/. According to them, the only verb that ends with /aams/ is £0. /ybe/*. Nevertheless, the verb
/ybe/ 1s arguable that many scholars said differently about it. For example, Zaradawit said that /ybe/ has
the perfective form Ova /bdhald/ (he said) whereas Kidand WaildKifld argued that /ybe/ is the

imperfective form of LA /beld/ (he said) and its causative is AllA /abdld/ (he caused someone to say).

Foreign scholars such as Dillmann, Lambdin, and Leslau consider /ybe/ as derived from the root /b-h-1/.
Lambdin said that /ybe/ has ia /bhla/ (he said) as its perfective form, which seems to be the same as

what Zaradawit has said. This is also what Dillmann has said.

In sum, all the Ethiopian and foreign scholars agreed that all perfective verbs end with a first-order

consonant. Their only difference is on the terminal of /vbe/.

3.4 Classification of Ge’ez Verbs

Ethiopian scholars classify verbs on the basis of criteria such as gemination, non-gemination, number

and position of radicals as well as the positions of gutturals and semi-vowels in written verbs and the

26 Relative seed is H@P £ HCA and it is the same as verbal noun.
27 Father seed is A HCA and it is the infinitive form of a verb which is considered as the base for other forms.
** It is a verb with a different morphology when compared to all other verbs of Ge“ez as it ends with a fifth-order alphabet.
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conjugation” pattern of the verbs. Classification by foreign scholars, however, is based on the stem
vowel and the root consonants, and classification of modern linguists is based on root consonants and

patterns of vowels in stem formation [Mulukén, 2007].

This study uses the basic concepts of classification of verbs employed by all scholars. Accordingly, the
classification criteria is summarized into three based on the context of this study as: based on object
indication, based on number of radicals®® and based on ,heads® and ,,troops‘e’l. The following sub-

sections discuss the classification of verbs based on these benchmarks.

3.4.1 Based on Object Indication

According to the Ethiopian scholars, Ge“ez verbs are grouped into three types based on their tendency to

indicate the object in a sentence. These are transitive, intransitive and copula verbs [Muluk&n, 2007].

Transitive verbs occur with an object in a sentence. For example, the verbs #-ta /qgdtdld/ (he killed),
é4o /fanawa/ (he sent), hé.a /kdfdld/ (he divided), and ev-té /mdtdrd/ (he cut) are transitive verbs.
These all cannot be used without mentioning the action receiver (the object) of the verb. If we take
/qdtdldy/, for example, we can have sentences like, F¢A P14 ANLAY (Cain killed Abel), where Abel is

the object which receives the action.

Intransitive verbs, on the other hand, are other types of verbs which occur without an object in a
sentence. For example, the verbs @»ah /mdsd/ (he came), 1é /ndbdrd/ (he sat), and 78& /nddddd/ (it

was fired) are intransitive verbs. If we consider the sentence @& h A A9°Lav§ (a voice came from the

cloud), for example, the verb @»& A is used without an object in it.

Copula is the third type of verbs that occurs together with main verbs in a clause. The following verbs

are an example of copula verbs.

*Conjugation means to give various inflectional endings of a verb, i.e. voice, mood, tense, number and person.
30 The terms ,radical*and ,root* are interchangeably used in this study.
31 See detailed discussion of ,,heads”and ,froops*in section 3.4.2
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Table 3.1: Example of Copula Verbs of Ge’ez

Copula Verbs Description Gloss

-kl /wotu/ am, is, are, was, were

v /halo/ He existed, presented, there was
0 /kondi/ It was done

Al /dhdzda/ He held, he began, he started

For example, in the sentence ¢ch’z0% Ve ead°P (1457 (John too was baptizing at Aenon), V&® /halo/ is

copula verb.

3.4.2 Based on Number of Radicalsof a Root

Ge“ez verbs can also be classified into three depending on the number of alphabets their roots have as
tri-literal, quadri-literal, and multi-literal [Dillmann, 1899]. Tri-literal roots are composed of three
consonants and are those which best answer to the Semitic root-forming tendency [Dillmann, 1899:125].

One can have a look at the Table 3.2 to see the formation of verbs from tri-radical roots.

Table 3.2: Formation of verbs from tri-radical root

Root Template Verb Gloss
f-q-d C,aC4C54 /fdqddda/ He liked
C,4C4C5u /faqddu/ They (2ppm) liked
C,aCaCs1 /fdqadi/ Somebody (male) who likes
h-m-m CaCaCsa /hdamdma/ He becomes 1ill
C,aC4C5a /hdmdma/ They (2ppf) become ill
C1CouG; /hmum/ Somebody (male) who is ill

As indicated in Table 3.2 for example, a root usually consists of three radicals. There seems to exist,
however, roots possessing only two consonants like @7 /mdnd/ (he excommunicated himself from the
world), v /himd/ (he ill), &1 /hdgd/ (he formulated a law), and 7& /nddd/ (he/it was fired).
Nevertheless, these roots are products of the later time influences on the language. The original nature of
these roots was tri-radical as av%%, davav, 11, and 12L respectively [Dillmann, 1899]. Dillmann
continue to argue that every original root of Ge“ez comprises of three firm letters. The researcher also
believes that bi-radical’” roots are only found in the latest literatures and are results of the influence of

the later writers who are not native to the language. For example, the original shapes of the verbs A

32 Roots with two radicals are called bi-radicals.
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/boa/, é. /hord/, #av /qomd/, and ha /eld/ were Moh>® /biwdd/, wd. /hiwidrd/, oav /qiwdmd/, and
AhPA /dydld/ respectively. Furthermore, the verbal noun PGP /hdwarya/ (apostle) could only be a
derivation of a verb only if the verb is /hdwdrd/, not /hord/. As the result, bi-radical roots are not at all

common and natural to Ge*ez language.

Quadri-literal roots, on the other hand, are roots with four radicals. For example, the verbs “?véh
/mahrdkd/ (he took captive) and £710 /ddingd si/ (he become terrified) are verbs of Quadri-literal roots.
The occurrence of such verbs in Ge®ez is too small compared to the tri-radical verbs. Multi-literals are
also roots of more than four letters. For example, the root of the verb La®ad /ddldiqgliqd/ (he made
something to shake) is a quni-literal (five-radical) root. Nevertheless, roots with more than four letters

are not at all common in Ge“ez [Dillmann, 1899:122-123].

The main focus of this study is on verbs formulated from tri-radical roots. Researchers survey on the
Ge“ez-Ambharic dictionary by Ligdhruyan Bidlay Mékondn [2000], which contains more than ten

thousand Ge ez verbs, shows that tri-radical verbs are the dominant.

Table 3.3: Result of Researcher’s survey on the Ge’ez-Amharic dictionary

Type of Verbs Number of verbs found in the dictionary Total (%)
Bi-literal 356 3.56
Tri-literal 8068 80.68
Quadri-literal 1212 12.12
Quni-literal 273 2.73
Six-literal 91 0.91
Total 10,000 100

As can be seen from Table 3.3, the tri-radical verbs occupy the largest room in the language. And hence,
the focus of our study inclines to such verbs. The quari-literal and multi-literal verbs are beyond the

scope of this study after the reason which will be given in the next section.

> When a vowel appears independently in a verb, it is counted as a radical.
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3.4.3 Based on Heads and Troops

Both the Ethiopian and foreign scholars agreed on the grouping of Ge‘ez verbs as ,heads™ and ,troops”
taking their CV-template as a basic unit. Heads are those verbs which can represent other verbs of their
type. Troops are any other verbs which can be sorted under either of the identified heads because of their
pattern (template) similarity with the head. Nevertheless, these scholars do not agree on the number of

heads.

The Ethiopian scholars differ one from the other in the number of heads. According to Kidand Wild
Kifla [1948:61], there are only seven heads. These are +-I'a /qgdtdld/ (he killed), ¢£0 /qddddsd/ (he
consecrated), A&h /bardkd/ (he blessed), L7 /degdnd/ (he followed), 4°aw /noldwd/ (he kept), £710
/dangdsda/ (he terrified), and "éh /mahrdikd/ (he took captive). According to Ziradawit Adhana
[1996:181], however, the heads are eight in number. These are ¢-1a /gdtdld/ (he killed), 204 /qddddsd/
(he consecrated), 10 /gdabrd/ (He did), 1720 /tinbdld/ (he begged), Adh /bardkd/ (he blessed), &
/eld/ (he rounded), hva /khid/ (he abled), and £ /odd/ (he wake circular). Afiwarq Zdwuda [1988:159],
on the other hand, argued that the heads are six: #-a /qgdtdld/, PO /qddddsd/, 0én /bardkd/, £710
/dangdsa/, oo /sewiwd/ (he took a captive), and mavd. /tomdrd/ (he wrote). In the classification
process, the main issue which seems highly arguable is on the number of the heads but not on the

sameness of the verbs considered as heads.

The foreign scholars have also classified the verbs differently from each other and from the Ethiopian
scholars. Ludolf [1699] has recognized three verbs as heads. These are 10 /gdbrd/ (he did), 1M
/gdbdrd/ (he did) and 20 /gabrd/ (he did). Whereas, Dillmann [1899] believe that the heads are four.
These are 14 /ndgdrd/ (he told), 10& /gdbrd/ (he did), é.aav /fisimd/ (he completed), and Adh
/bardkd/ (he blessed). Lambdine [1978], however, has said that the heads are two. These are <-ta
/qditdlda/ and LG /gddddsdy.

The classification given by Ziradawit is adopted for this study. Table 3.4 depicts the ,head“verbs and
their CV-template.
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Table 3.4: ‘heads’ of Ge’ez verbs together with their templates

No. Head Template | Number of Radicals and Vocalic Patterns Gloss

1 +-a /gdtilid/ | CaCECHE Tri-radical, first-first-first (111) order of vocalic pattern he killed

2 | P04 jgdddisi/ | CaCGACE | Tri-radical, first-first-first (111) order of vocalic | he
pattern and geminated at its middle alphabet. consecrated

3 1L /gdbrd/ CiaCGé Tri-radical, first-sixth-first (161) order of vocalic pattern | He did

4 | 104 /tinbdld/ | CaCCaC4 | Quadri-radical, first-sixth-first-first (1611) order od | he begged
vocalic pattern

5 a4 /bardka/ CiaGd G Tri-radical, fourth-first-first (411) order of vocalic pattern | he blessed

6 | &7 /digdnd/ | CieCyd Csd Tri-radical, fifth-first-first (511) order vocalic pattern | he followed

7 nvA /khlda/ CiC Ga Tri-radical, sixth-sixth-first (661) order of vocalic pattern | he abled

8 A /noliwd/ | C10Cd Csd Tri-radical, seventh-first-first (711) order of vocalic | he kept
pattern

Classification of Ge“ez verbs into eight heads is also supported by the scholars of the famous traditional
school of #% /gone/ called washdira® [Mulukin, 2007]. Depending on this classification, a head verb
which encompasses the dominant number of troops under it is the head #-a /qgdtdld/. The survey
conducted by the researcher on the New Testament of the Ethiopic (Ge“ez) Version Bible also shows
that more than 46% of the verbs are troops of +-I'a /gdtdld/. The other part is occupied with troops of the
other seven heads. As the result, the focus of this study lies on verbs of ¢-Ia /gdtdld/ category.

Verbs of +-a /qdtdld/ category have more or less tri-radical roots. Verbs of quadri-literal roots are
allocated under -I70a /tdnbdld/ and, hence, are not considered in this study. All together, the focus of

this study bounds to both transitive and intransitive tri-radical verbs of /gdtdld/ category.

3.5 Affixation in Ge’ez Verbs

In section 3.1, we have discussed the first stage of verb formation: seed formation. In this section, we
present the next higher stage of formation of verbs namely the person-gender-number formation. The
seed, which is produced as a result of the intercalation of vocalic patterns and a given root, grows up to a
more natural verb form by attaching itself to affixes. Affixation realizes the two next stage of verb formation:
person-gender-numberand tense-mood formation. Therefore, verbs attain their maximum growth level
through affixation and are verbs of this stage which are the most common and natural verbs of Ge“ez.
Basically, Ge“ez has all types of the affixes namely infixes, prefixes, suffixes and circumfixes. Infixation

is realized while forming the seeds from a given root via interdigitaizing (intercalating) of the vocalic

** Washera is one of the famouse traditional schools of Qene under the EOTC.
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patterns with the consonants (i.e., the internal modification of the seed). The following sections discuss

the details of the last three affixes.

3.5.1 Prefixation

Ge"ez prefixes can be roughly categorized into two categories as negation marker and affirmative
marker prefixes. The affirmative marker prefixes can further be divided into two as verbal-stem-marker
and person-marker prefixes. A given affirmative verb can have a prefix merely from among the
affirmative marker prefixes. Only negative verbs can have the possibility of having two prefixes: the
negation marker being followed by one of the positive prefixes. That is, negation marker of a verb (if
exists) should always be at the very beginning of the verb. Following is the detail of the three types of

prefixes in Ge“ez verbs.

a) Verbal-Stem-Marker Prefixes: This type of prefixes are attached to the front of the base-stem form
of a verb to form four more derived stems namely causative, causative-reciprocal, reflexive and
reciprocal stems (detailed discussion about stems is given in section 3.6). For example: the base-stem
verb . L /fiqddd/ (he liked) has Ae: L /difqddd/ (he caused somebody to like), An-t4-PL /dstdfaqddd/
(he caused others to be liked each other), -é.®& /tifdqgddd/ (he is liked by), -4 £ /tdfaqddd/ (he get
liked with somebody) and as its causative, causative-reciprocal, reflexive and reciprocal stem forms

respectively.

b) Person Marker Prefixes: these are h- /i-/, - /ni-/, “F- /ti-/ and ©- /yi-/* which are prefixes
attached in front of the indicative, subjunctive and jussive mood verbs (detailed discussion on tenses and
moods are given in section 3.6) to indicate the subject (doer) of the action of the verb. They can also be
used in their second, fourth and sixth orders depending on the formation of the verb. With some
exceptional cases like in verbs with gutturals, the usual occurrences of these prefixes are in their sixth
order forms. For example, the verb 4.4 £ /fdgddd/ (he liked) has its indicative, subjunctive and jussive
forms as L4.4L /fdqd/ (he will like), £4®L /yfq/ (he must like) and L4 L /yfgd/ (for him to like).
These all are person indicators. Table 3.5 shows which of the above discussed prefixes indicate which

person.

> According to the Ethiopian scholars, these prefixes are called as Ané-m 2a-F.
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Table 3.5: Prefixes of Indicative, Subjunctive, and Jussive verbs

\ Indicative \ Subjunctive Jussive Person Referred
h- /d-/ h- /d-/ h- /d-/ A% /dnd/ (1, 1psn)
- /nd-/ - /nd-/ - /nd-/ 7a0't /nhnd/ (We, 1ppn)
+- /td-/ - - /td-/ Krt /dantd/ (You, 2psm)
- /td-/ - - /td-/ Koo Jintmu/ (You, 2ppm)
+- /td-/ - - /td-/ Krl: /dnti/ (You, 2psf)
- /td-/ - - /td-/ Kt7 /intn/ (You, 2ppf)
- /td-/ - /td-/ - /td-/ Lh-l: /yoti/ (She, 3psf)
P- /yd-/ P- /yd-/ e- /yd-/ ao-h-k: /wotu/ (He, 3psm)
- /yd-/ - /yd-/ - /yd-/ a-k-f-ao0- /wotomu/ (They, 3ppm)
- /yd-/ - /yd-/ - /yd-/ a-w-+77 /woton/ (They, 3ppf)

As can be seen from Table 3.5, the prefixes /d-/ and /nd-/ are unique to the 1psn and 1ppn respectively.
Whereas, the prefix /ti-/ is common to all second persons and to the 3psf. On the other hand, the prefix
/yd-/ 1s employed only to the 3psm, 3ppm and 3ppf. The hyphen (-) with each of prefixes above
indicates the place of attachment. One can also be noticed from this table that Ge‘ez, as many of the

other Semitic languages, has ten pronouns.

¢) Negation marker prefix: - In Ge“ez, affirmative verb is converted into its negative form by attaching
the prefix A.- /i-/ in front of it. For example, the intransitive verbs -I"é.4 £ /tdifdqdd/ (he is liked by) and
‘T /tdgdtld/ (he is killed by) and their transitive forms é.¢£ /fdqddd/ (he liked) and -t /qgdtdld/
(he killed) can be prefixed with /i-/ to produce their corresponding negative verbs A.-lé.®L /itdfdiqddd/
(he is not liked by), APt /itdgdtld/ (he is not killed by), A.4.PL /ifdgddd/ (he didn't like), and
AP /igdtdald/ (he didn't kill) respectively.

In general, all the possible prefixes of Ge‘ez verbs along with their grammatical function can be

summarized as in the Table 3.6.
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Table 3.6: List of Ge’ez verbs prefixes along with their syntactical functions

Prefixes \ Syntactical Function \
h- /a-/ Causative Stem Marker

h- /0-/ Indicative, Subjunctive and Jussive Moods Marker
ANt~ Jdstd-/ Causative-Reciprocal Stem Marker

h.- /i-/ Negation Marker

5- /na-/ Causative Stem Marker

S0-- /nasti-/ | Causative-Reciprocal Stem Marker

7- /n-/ Indicative, Subjunctive and Jussive Moods Marker
771~ /nt-/ Reciprocal and Reflexive Stems Marker

2 /ta-/ Causative Stem Marker

J0-t- /tastd-/ | Causative-Reciprocal Stem Marker

- /td-/ Reflexive and Reciprocal Stems Marker

+- /t-/ Indicative, Subjunctive and Jussive Moods Marker
- /tt-/ Reciprocal and Reflexive Stems Marker

£- /ya-/ Causative Stem Marker

£0-- /yastd-/ | Causative-Reciprocal Stem Marker

L /y-/ Indicative, Subjunctive and Jussive Moods Marker
L= /yt-/ Reciprocal and Reflexive Stems Marker

3.5.2 Suffixation

Ge“ez verbs, as in other Semitic languages, cannot be told without having affixes which indicate at least
the doer of the action (the subject) done by the verb, otherwise both the subject and the object of the
verb. This is done through affixation particularly through suffixation and circumfixation. The subjects of
the perfective, imperative and gerundive verbs are indicated through suffixation. Nevertheless, the
subjects of the indicative, subjunctive and jussive verbs are indicated through circumfixation (details of
Ge“ez verbs circumfixes is given in the next section). In Ge“ez, verbal suffixes are of two types: ,subject

marker®® and ,object marker®’ suffixes.

The subject marker suffix (SMS) indicates subject (doer) of the action. For example, if we take the seed
. L /fdqdd/, certain suffixes can be attached to it to produce various inflected surface verbs as shown

in the Table 3.7.

**Subject marker is a morpheme that indicates a subject of a verb.
37 Object marker is a morpheme that indicates an object of a verb.
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Table 3.7: List of Ge’ez Verbal subject marker suffixes along with indicated persons

Seed Subject Inflected verb Subject Indicated
Marker Suffix
-0 /~ku/ b P L0 /fdqddku/ I
-7 /-nd/ . P L /fdqddnd/ We
-0 /~kd/ b b L0 /fdgddkd/ You (2psm)
L0 -hov- /kmu/ b Lhav- [fiqgddkmu/ You (2ppm)
[fiigid/ -0, /~ki/ b LN, /fiqddki/ You (2psf)
-07 /S-kn/ b0y /fdqddkn/ You (2ppf)
-h /-d/ é.PL /fiqddd/ He
-t /~u/ b8 /faqgddu/ They (3ppm)
-t /-dt/ P& /fdqdddt/ She
-h /-a/ P8 /fagdda/ They (3ppf)
- /-yd/ .k /faqidyd/ I
-h /-0/ b8 /fagido/ He
-ov /-mu/ b.b&ov /fiigidomu/ They/3ppm
=7 /-n/ b.4&7 /figddon/ They/3ppf
-&/-0/ P L /fgd/ You/2psm
-h/-u/ P85 /fqdu/ You/2ppm
-hJ/-i/ P4 /fqdi/ You/2psf

As a general remark, perfective, imperative and gerundive®® verbs cannot be told without having one of
these suffixes as subject marker. The first ten subject markers in Table 3.7 are suffixes mainly for
perfective verbs. The next four suffixes, next to the first ten, in this table are used for gerundive verbs.
The last most three suffixes, however, are used for imperativeverbs. Either of these suffixes is attached
to a seed to produce a verb of the aforementioned tense-mood types. The plus (}) sign in the table
symbolizes the ,process of concatenation™ of the morphemes to produce the surface verbs indicated in

the fourth column.

The object marker suffix (OMS), on the other hand, indicates the object (action receiver) of the action of
the verb. OMS cannot be directly attached to a seed. We show the concatenation process of object
markers to a verb to produce many more inflected verbs by taking the previous verb /fdndwd/ in the
table below. Table 3.8 shows the concatenation process of object markers to a verb to produce many

more inflected verbs by taking the verb &.7@ /fdndwd/.

*¥ Details of the Tense-mood types will be given in section 3.6.
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Table 3.8: List of Ge’ez Verbal object marker suffixes along with indicated persons

Verb Object Marker Suffix Objects indicated
-1 /-ki/ Me
-1 /-nd/ Us
-0 /~kd/ You (2psm)
Lo -hoo- /kmu/ You (2ppm)
[fénciwi/ -t /-ki/ You (2psf)
-0 /-kn/ You (2ppf)

-h® /-kwo/, -0~ /~hu/, -k /-0/, -® /-wo/, -9 /-yo/ | Him
-®av- fwomu/, -nev- /kmu/, -o° /-mu/, -Pav- /- | Them (3ppm)
homuy/, -¢-av /-yomu/
-P /-wa/, - /~ha/, -h /-a/, - /-ya/ Her
-27% /-won/, -W’¥ /-hon/, -t /-n/, -2’7 /-yon/ Them (3ppf)

Table 3.8 conveys that the first persons and second persons each have only one object marker suffix
whereas third persons do have more than one. In this case, which object marker suffix belongs to which
person depends on the subject of the verb. This results in a strict rule of suffixation that object marker
suffixes can only be attached to a verb right after the subject marker. Subject marker is mandatory for
any verb whereas object marker is optional. As the result, verbs choose an object marker suffix based on

the subject marker already attached to them.

Two central rules of suffixation that govern the concatenation process of morphemes to produce surface
verbs are:

1.Seed 1 subject-marker = surface verb (only with SMS)

2.Seed 1 subject-marker f object-indicator = surface verb (with both SMS and OMS)

Therefore, we can have two forms of surface verb forms, where the one is with subject marker only and
the other is with both subject and object markers. This is because object markers are optional to be
attached to a verb.
Example:
Rule-1: seed t subject-marker = surface verb (only with SMS)
b1 /fanaw/ T o fku/ = 4.0t [fiandwku/ (1 sent)

Rule-2: seed t subject-marker 1 object-marker = surface verb (with both SMS and OMS)
b1 /fandaw/ t 0/-ku/ ¥ Pov/-womu/ = . ro-nPov- /findwkwomu/ (1 sent them)

Page | 43



In this case, the subject marker /ku/ points that the subject is ,J“ whereas the object marker /womu/
indicates the object ,,Them® Hence, the verb /fdndwkwomu/ would able to indicate both the sender
(subject) and the one who is sent (object). But, its corresponding English word ,sent™ wouldn‘t do that.

This is essentially the general characteristics of the verbs of Semitic languages.

3.5.3 Circumfixes

Circumfix, as discussed in the second chapter, are affixes attached to both sides of the seed of the verb.
In Ge“ez, circumfixes are the subject markers of indicative, subjunctive and jussive seeds. For such type
of verbs too, the object markers are attached immediately after the circumfix of the seed. Hence, subject
markers can be suffixes or circumfixes based on the type of the tense-mood of the verb. The object
markers, if they appeared, however, are always suffixes to all verbs. Table 3.9 depicts the circumfixes of

troops of /qgdtdld/ category.

Table 3.9: List of Ge’ez Verbal subject marker circumfixes along with their moods

Circumfix Subject Indicated Used In Moods

A-a /0-0/ |1 Indicative, subjunctive and jussive
7-h /n-0/ | We Indicative, subjunctive and jussive
‘+-h /t-0/ | You/2psm and She | Indicative, subjunctive and jussive
‘t-h /t-u/ | You/2ppm Indicative and jussive
-k, /t-i/ | You/2psf Indicative and jussive
‘t-h /t-a/ | You/2ppf Indicative and jussive
L-h /y-0/ | He Indicative, subjunctive and jussive
L-h /y-u/ | They/3ppm Indicative, subjunctive and jussive
L-A /y-a/ | They/3ppf Indicative, subjunctive and jussive

The verb analysis process is done based on the way morphemes concatenate to produce surface verbs. In
general, the type of morphems and the way they concatenate to produce surface verbs can be

summarized as in Table 3.10.
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Table 3.10: possible type of morphemes concatenated to form a verb in Ge’ez

No. Possible Morphemes of a verb Example

1 Verb = [NegPref][PosPre]*’[Seed][SMS][OMS] [AJ[ANF][4-P L] [g°][2av-]
2 Verb = [NegPref][PosPre][Seed][SMS] [AJ[A0F] 4P £ ][hov]

3 Verb = [PosPre][Seed][SMS][OMS] [An-T][ 4P L] [n9°][ 2av-]

4 Verb = [NegPref][Seed][SMS][OMS] [AJ[8. P& ][ng°][2av-]

5 Verb = [PosPre][Seed][SMS] [Ad-T][ 4.+ L] [av-]

6 Verb = [NegPref][Seed][SMS] [A.][4. L] [av-]

7 Verb = [NegPref][PreCirc]“[Seed][SufCirc]*'[OMS]  [A.][T]%P L ][2av-]*

8 Verb = [PreCirc][Seed][SufCirc][OMS] [T]ee & ][Pov]

9 Verb = [NegPref][PreCirc][Seed][SufCirc] [A][T]%®8.]7

3.6 The Conjugation Patterns and Stems of /gtdld/ Category Verbs

In this section, the final stage of verb formation process namely the tense-mood formation is discussed.
This is the third and final stage next to the person-gender-number stage of formation discussed in section
3.5. The reason behind this is the fact that tense-mood formation cannot be done without personal-

formation [Dillman, 1899:174].

Regarding to the tense-mood formation, Dillmann said that Ge'ez, like the other Semitic languages,
proceeds from the twofold, and not from the threefold division of time. These are the finished state
(perfect) and unfinished state (imperfect) tenses [Dillmann, 1899: 166]. According to him, the following
three conditions belongs to the imperfect tense: action happening in the present, something which is only
to be realized in the future and something which is only thought of and willed, which may or must be
realized. And therefore, the imperfect is the source of the formation of the so-called moods** of the verb,
through which the conditions of will and necessity are expressed. In connection to this, Dillmann

suggested that the name ,jmperfect™ is a general name for the indicative, subjunctive® and imperative*®

3% NegPref = Negation Prefix, PosPre = Positive Prefix

0 PreCirc = Prefix Circumfix (i.e., the prefix part of the circumfix)

1 SufCirc = Suffix Circumfix (i.., the suffix part of the circumfix)

“The suffix part of the circumfix in this verb is the ,/a* vowel of the third alphabet of the seed.

* The suffix part of the circumfix in this verb is the ,/x"vowel of the third alphabet of the seed

*Mood is the form of the verb that shows the mode or manner in which a thought is expressed.

3 Subjunctive is a special form of imperfect which express an action coming into being or has to be set forth as one that is
willed [Deillman, 1899:173].

* Imperative is a special ramification of the subjunctive, and has been developed out of it.
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moods [Dillmann, 1899: 173]. This suggestion is used in this study while naming of the tense-mood*’

types.

The types of verbs described as perfective, indicative, subjunctive and imperative verbs are those,
according to the Ethiopian scholars, which are called 9021 ~A§+o /abdyt anaqs/ to mean verbs which
can close the idea of a sentence independently without seeking a help of other verbs. In addition to these
verbs, the scholars identify extra verbs called 7h-47 AS+A& /nusan anaqs/ which cannot close a sentence
unless other verbs are added to them. The later types of verbs are similar to the English auxiliary verbs.

Table 3.11 is dedicated to clear up the above discussion.

Table 3.11: List of Ge’ez tenses and moods according to both Ethiopian and Foreign Scholars

Tense-mood Identified by

Tense-mood Identified by Ethiopian Scholars Foreign Scholars

No | Tense-mood Category Tense-mood | Category

1 P87L /508 AP A (Perfective) Perfective Perfective

2 | hAAL /T A7 (Indicative) Indicative

3 mame /i arbw (Subjunctive) | T AT bjunctive | Imperfective
. /abdyt anaqs/ .

4 | ePCA TAYH A7PA (Imperative) Imperative

5 | onres e Arex (Jussive)

6 | N A7+ (Gerundive)
7 | ACANT A& (Infinitive)

Th 7 ATPEX

— " /nusan anaqs/
8 | AN-NC AR /sabizir angds/

9 | AN RIPAR /g5l angis/

As can be seen from Table 3.11, the tense-mood identified by the Ethiopian scholars are the same as that
of those identified by the foreign scholars except that the Ethiopians identified extra moods which are
categorized as /nusan anaqg/. This study adopts the identification of tense-mood types according to the

Ethiopian scholars. Nevertheless, the last two moods in this table have a derivational morphology (see

*" The term ,,tense-mood" is used to refere to all conjugation patterns (see Table 3.11) as the imperfect tense type
encompasses all the identified moods in it.
*8 Some scholars prefer to call this as W7 A& /zind angds/.
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section 2.2.3) as they are verbal noun and verbal adjective respectively and, hence, are left undone in

this study.

The imperative verbs are command verbs as that of the subjunctive verbs except that imperatives have
only second person subject markers. Likewise, the difference between subjunctive and jussive verbs lies
on the fact that the jussive verbs with second person subject markers have the prefix /fd/ whereas the
subjunctive verbs with second person subject markers do not have prefixes and, hence, have got a

special name: imperative verbs.

The perfective, imperative, gerundive and infinitive verbs do have SMS as a subject marker whereas
indicative, subjunctive and jussive have subject markers being circumfixed to their seeds. Regarding to
the object marker, however, all tense-mood types except gerundive and infinitive verbs do have OMS
being suffixed after their subject markers (suffixed or circumfixed to them). Infinitive verbs can have

SMS but not OMS.

Infinitive verbs can be spoken with and without having SMS. Those which don‘t have SMS are
common to all pronouns. For example: A%+ & /ifgdot/ is an infinitive verb which doesn‘t have SMS.
As a result this verb doesn‘t indicate any subject. The infinitive verb A% &-1¢ /dfgdotyd/, however, has
an SMS ¢/yd/ which indicates that the subject is ,I* In general, it is only infinitive verbs in Ge‘ez which

may not indicate the doer of the action of the verb.

The following sub-sections discuss the conjugation patterns and number of stems of /gdtdld/ category

verbs based on the aforesaid tense-mood types.

3.6.1 The Conjugation Patterns of /qitild/ Category Verbs

According to the Ethiopian scholars, both transitive and intransitive troops of /gdtdld/ have seven
conjugation patterns® (excluding the other two which are not verbs) based on the seven tense-mood
identifications presented above. Conjugation patterns are the basic templates through which the surface
verbs of /qdtdld/ category are formulated. The templates are effectively used during the declaration

process carried out to find the inflected surface forms of the verb. Table 3.12 depicts the basic

* These are what the Ethiopian Scholars called them as A5 %o.
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conjugation patterns and their corresponding templates by taking the verb 4L /figddd/, one of the

troops of /qdtdld/, as an example.

Table 3.12: Basic conjugation patterns of a root along with their templates and vocalic patterns

No. Root Vocalic Pattern(VP) CV-Template Conjugation Patterns Tense-mood

1 111 C4C,4C58 b PL /[faqdda/ Perfective
2 . 166 yC1aC,C; L4898 /yfiqd/ Indicative
3 ;”’ ‘2 [ 666 vC,1GoCs X fad/ Subjunctive
4 | Y 666 C:G.C € /fad/ e
5 666 yC1CoCs LaP L yfqd/ Jussive
6 137 C14C,1C30 b8 /faqido/ Gerundive
7 136 C13C,iCs &b figid/

137 C,4C,iCsot é. L2 /fagidot/ Infinitive

As can be seen from table 3.12, the conjugation patterns (column-IV) are produced after the intercalation of the
root with vowels of varies patterns (column-V) in the templates given in column-III of the table. All tri-literal

/qdtdld/ category verbs share the template, conjugation pattern and vocalic patterns depicted in this table.

3.6.2The Stems of /gitala/ Category Verbs

According to Ethiopian scholars, stems are the pillars or bases of verbs. They are called 40°7€: /aOmad/
,pillars®, or shaft that support the roof of building. In this sense, they are pillars that support the
conjugations of verbs. These scholars believe that Ge‘ez has five stem patterns which all are
independent of each other. They are perfective, causative, causative-reciprocal, reflexive and reciprocal

stems [Zaradawit, 1996].

The foreign scholars, however, have recognized different number of stems. The stems of Ludolf are only
four in number. These are perfective, causative, reflexive passive and causative-reflexive stems. Stems
of Dillmann are four. As to him, there are no stems for reciprocity like Ludolf and unlike the local
scholars. Lambdin, on the other hand, recognized six stems by adding one more stem which, according

to him, is called causative of reflexive passive.

This study assumed the types of stems as recognized by the Ethiopian scholars. These are perfective,
causative, causative-reciprocal, reflexive and reciprocal stems. Table 3.13 is dedicated to show the stems

of the aforesaid seven tense-moods of /gdtdldy/.
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Table 3.13: The five stem types for each of the seven tense-mood types of Ge’ez verbs

The Five Stems

SNSRI OO MG /gcibir/ | ane/agbro/ | A /tigibro/ | +2ae /tdgabro/ | RATINE /astigabro/
(Perfective) | (Causative ) | (Reflexive) (Reciprocal) (Causative-Reciprocal)
Perfective é.PL hGPL 14.PL T4 P L a4 P L
/fdqadd/ /dfqadda/ /tdfdqdd/ /tdfagdda/ /dstdfaqddd/
& | Indicative LEPLNfG | £L.PL: LT abL: [ARRTS LOT4.PL:
qd/ /yafiqd/ Ntfdqad/ /ytfaqdd/ /yastifaqd/
[ | Subjunctive | £%Pe: LGP L [E XIS LG L L0148
/yfqd/ /yafqd/ /ytfdaqdd/ Ntfaqdd/ /yastifaqd/
9 | Imperative | #PL hep e Téd & T4 A4 e
/fqd/ /dfqd/ /tafdqad/ /tdfaqdd/ /dstdfaqd/
& | Jussive LaPe: LEPL: [ERTS [EXRTS O 4P e
/yfqd/ /yafqd/ /ytfdaqdd/ /ytfagdd/ /yastifaqd/
% | Gerundive | 4% he b2 Té.b 2 T4-EL AT 42
/fdqido/ /dfqido/ /tdfdqido/ /tdfaqido/ /dstdfaqido/
% (@) | 4k& hed L FRER R T4. P2 T4 L
Infinitive /fdqid/ /dfqdo/ /dStefaqdo/ /tdfdqdo/ /tifaqdo/
(b) | éb&rT AGP LT AOT4-p 21 4. P 2T 4. LT
/fdqidot/ /dfgdot/ /dStefagdot/ /tdfidqdot/ /tdfaqdot/

As can be seen from Table 3.13, each of the tense-moods has five stems. Nevertheless, as most
Ethiopian scholars suggest, only transitive verbs can have complete stem forms (five stems) whereas
intransitive verbs have less than five [Kidand Wild, 1948], [Zadradawit, 1996], [Rédzdnd, 1998]. In
connection to this, the name of the first tense-mood (perfective) seems to be confusing with the name of
the first stem (perfective). To avoid this confusion, we use the name ,pase stem™° for the first column
(M.C /gdbir/) stem. Verbs which belong to the base, causative and causative-reciprocal stems are
transitive verbs. On the other hand, verbs which belong to the reflexive passive and reciprocal stems are
intransitive verbs. Furthermore, we call each of the seven rows (numbered as 1 to 7) stems respectively
as perfective stems category, indicative stems category, subjunctive stems category, imperative stems

category, jussive stems category, gerundive stems category and infinitive stems category.

3.7 Declaration of Ge’ez verbs

,Declaration” is the process of finding all the inflected (surface) forms of a given verb in Ge“ez. The
process starts from the 3psm form of the verb. The declaration process passes through three independent

phases:

*"We named the first stem type as base stem for it is the base of all the rest stems. The other four types of stems are derived
from this stem and hence, the name base stem. This name also works for verbs of all tense-moods.
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e Declaration using the tense-mood and stems: this declaration process is done as a ,declaration-
template™ only for the 3psm form of the verb by making the identified tense-mood types as rows and
the stems as columns and form a matrix of size 7x5. A total of forty surface verbs are obtained from
this phase (see Table 3.13).

e Declaration using the ten subject pronouns’': each of the surface forms obtained in phase-I (each
of'the verb forms in Table 3.13) are declared further using the ten pronouns by appending the subject
marker (see Table 3.7 and 3.8) of each of the ten pronouns. For each of the verb forms depicted in
Table 3.13, nine additional surface forms are obtained through this phase.

e Declaration using object marker suffixes (using the ten object pronouns): each of the ten surface
forms (in addition to the surface form with 3psm) are derived by adding the object markers to
indicate the object pronouns. By this phase only, additional eighty eight surface verbs are obtained

(see figure 3.1).

> Ge**ez language has ten pronouns: A% /I/, vy /We/, &%t /You-2psm/, h#tav- [You-2ppm/, kit /You-2psf/, a7 /You-
2ppf/, @a-d: /He-3psm/, £a-k: /She-3psf/, w-atae-/They-3ppm/, and w-a-+7 /They-3ppf/.
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— (Phase-l) These are the seeds of
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Figure 3.1: Declaration of the perfective verb é.P& /figdidd/: firstly, by its stems; secondly, by appending the SMS to all forms
obtained in the first phase; thirdly and finally, by the object pronouns: i.e., by appending their OMS to each of the
surface forms obtained in the second phase.
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By undergoing similar declaration process as in figure 3.1 for all verb-forms of each of the tense-mood
and stem types depicted in Table 3.13, it is possible to obtain all the surface verbs of a given verb
lexeme™>. Accordingly, each of the transitive verbs of the perfective stem category (row-I in Table 3.13)
verbs can be declared further using the ten pronouns by adding only the subject makers or both subject
and object makers. By adding ten of the subject makers to each of the verbs of this category, we can
have their corresponding ten inflections. Declaring each of the verbs further by adding the object makers
to the already formed ten inflected verb forms will result in another eighty eight new inflections (surface
verbs) of each of the verbs. In this case, we can have total ninety eight surface forms for each of these
verbs found as the result of the declaration process. In sum, all verbs of this category do have ninety
eight inflected forms (see Appendix-II A: i, ii, ii1). Each of the intransitive verbs of this category,
however, do have ten inflected forms after the reason that they can be declared only by adding the

subject marker suffixes and not by the object suffixes (see Appendix-II A: iv, v).

Each of the transitive verbs of the indicative, subjunctive and jussive stem categories (row-2 to row-4 in
Table 3.13), on the other hand, do have only ninety eight inflected forms (see Appendix-II B, C, and D:
1, 11, iii). Besides, each of the intransitive verbs of these categories, like the perfective stem category
intransitive verbs, do have also ten inflections obtained after attaching the ten subject marker suffixes to
them (see Appendix-II B, C, and D: iv, v). On the one hand, both transitive and intransitive verbs of
gerundive stem category each do have ten inflected forms and, hence, a total of hundred surface verb
forms (see Appendix-II E). The category (a) infinitive verbs in Table 3.13 can not be declared further.
Whereas, category (b) infinitve verbs in Table 3.13 can be declared using all the ten pronouns and
therefore can have a total of fifty five surface verbs (see Appendix-II F). Accordingly, we can have sixty

infinitive surface verbs.

In sum, 1388 inflected verb forms (surface verbs) were obtained from a given verb lexeme through the

declaration process.

>*Lexeme form of a verb for Semitic languages is the dictionary (lexicon) form of the verb usually in 3psm form.
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3.8 Ge’ez Irregular /qiitili/ CategoryVerbs

Irregular verbs are those troops of /gdtdld/ that have slightly changed morphological structure when
compared with the CV-template of their head-verb, #-a /gdtdld/, due to the existence of one of the
guttural alphabets namely v, «h, -1, A and 0 either at their beginning or middle positions. The effects of

these two possible occurances of the guttural alphabets in a verb are discussed as follows:

e Occurance of the guttural alphabets at the beginning of a verb: when the guttural alphabets are existed
at the beginning of a verb, the person-marker of the indicative base-stem is changed from the usual six-

order form into first-order form. That is, £ is changed into ¢ because of the occurrence of these

alphabets at the beginning of the verb.

e Occurance of the guttural alphabets at the middle of a verb: when the guttural alphabets are existed at

the middle position of the verb, some changes are obsereved in the inflected forms of the verb (see Table

3.14).

Table 3.14: Morphological irregularities observed on verbs with a guttural alphabet at their middle

Tense-mood and Stem

Underlying

Vocalic Pattern

Altered

Vocalic Pattern

Underlying form

Example

changed

to

Surface form

Perfective reflexive-stem 161 661 Wan rasioli | => | AN ESol/
Indicative base-stem 166 666 R VAR
Subjunctive base-stem 666 616 eofaysor | = | eoRAaSil/
Jussive base-stem 666 616 LOB/A psor | = | enRA pSil
Gerundive base-stem 137 637 Br.ae/siilo/ | = | MaaesSilo/
Infinitive base-stem 136 636 fra/linoct | = |[Aaa/Mnact
/Sdil/f/Sdilot/ /Sil/ [/Silot/
Indicative causative stem 166 666 Wranasioy | = | eARAHaSIl/
Gerundive reflexive stem 137 637 .o sasiilo | = | MR /diSilo/
Infinitive reflexive stem 167 667 Wroe/ - | = | Haae/tlinaT
/tiSidlo/] ItiSidlot/ /taSolo// /tiSolot/

The prefixes of the indicative reflexive stem, subjunctive reflexive stem and jussive reflexive stem are

changed from &1 /4#/ to £ /y/. That is, the alphabet -I* /#/ in their prefix is omitted because of the
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occurrence of these vowels at the middle of the verb. For example: the indicative reflexive-stem verb
LAOAA /ySddl/ is altered from its regular form e-FAAA /AtSddl/ by omitting -1/¢/ from the prefix.
Similarly, the prefixes of the indicative reciprocal stem, subjunctive reciprocal-stem and jussive

reciprocal-stem are aslo changed from £+ /yt/to £/y/.

3.9 Assimilation and Vowel Changes

As discussed in the second chapter, seeds are formed through non-concatenative process. Once seeds are
formulated in this way, the second growth of verbs to their more common existence is through
affixation, which is essentially a concatenative process. During the later process, various phonological
changes such as assimilation and vowel changes that may alter the original existence can occur, usually
at the morpheme boundaries. As the result, for the analyzer to parse a verb formulated in this way
accurately, phonological changes that have taken place during the verb formation should also be

carefully considered during the verb analysis.

3.9.1 Assimilation effects

Assimilation effects are observed in verbs which end with either glottal or semivowel alphabets.
Whenever an SMS markers specifically h /kd/, v /ku/, b, /ki/, 0’7 /qn/ or hav- /gmu/ are appended to the
end of a verb which ends with either of the glottal alphabets namely ¢ /gd/, © /kd/, or 1 /gd/, assimilation
effects are observed on the boundary of the morphemes. Furthermore, when the SMS % /nd/ is added to
the end of a verb which ends with 7 /n/, similar effect is detected at the boundary of the morphemes. On
the one hand, the presence of either of the semivowels @ /wd/ or ¢ /yd/ at the beginning, middle or end of
a verb also brought a change in the inflected forms of the verb in its indicative, subjunctive, imperative
and jussive stem categories. As the objective of this study is analyzing verbs found in a given text, only

processes that changes in a grapheme™ are considered.

3.9.2 Vowel Changes

As discussed earlier in this chapter, Ge"ez verbs have at least subject marker suffixes. Object marker
suffixes are optional to be attached to verbs. Vowel changes are usually detected when object marker
suffixes are added after subject marker suffixes or circumfixes. Below is the detail of the possible

changes.

>3 Grapheme is the minimal distinct unit in the writing system of a language.
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a) Vowel changes occurred when OMS are attached after SMS: Table 3.15 summarizes the possible

changes of vowel sounds that can occur during concatenating of the aforesaid suffixes.

Table 3.15: Vowel changes occurred when OMS are attached right after SMS

Subject Object Subject Object

Marker  Marker Changed form Marker Marker Changed form

W/ t | 2 /wo/ = | N2 /kwo/ 0 /ka/ t | Ao/ = | 0 /ko/

Wkw |t | 2o pwomu/ = | nPav- fowomu/ 0 /ka/ t | U/ = | Q- Skahu/

Wkw |t | P wa/ = | AP /kwa/ 0 /ka/ t | oo /mu/ = | hao- fomu/

Wkw |t | 27 /won/ = | NP7 /kwon/ 0 /ka/ t | oo fhomu/ | = | QPO kahomu/
0 /ke/ A /o/ = | O fka/

Y /ma/ |t | 0 kil = | ¢ /nake/ 0 /ké/ t | 7 /ha/ = | 1Y /kaha/

Y /ma/ |t | heve femu/ = | §hov- /nakmu/ 0 /ka/ t | 77 /nE/ = | 07 fkon/

1 /na/ t | ki = | SO, /naki/ 0 /kd/ t | V7 /hon/ = | Q7 fkahon/

1 /nd/ t | a7 /kn/ = | §07 /nakn/

1 /nd/ t | U/ = | QU /nahu/ hav- t | 2 /wo/ = | AP fkmwo/
Jkmu/

1 /nd/ t | A/o/ = | & /no/ hav- t | ®ov- pyomu/ | = | hgePav-
[kemu/ [kmwomu/

1 /nd/ t | oo /homu/ = | GUPa° /nahomu/ hav- t | P iwa/ = | A9°P /kmwa/
Jkmu/

1 /nd/ t | oo /mu/ = | §0% /nomu/ hav- t | 27 /won/ = | h9°P7
Jkmu/ /kmwon/

1 /nd/ t | ¥ /ha/ = | 9% /naha/

i/ |t | A/ = | § /na/ 0, /ki/ t | % /ni/ = | 0% /kni/

1 /nd/ t | 7 /hon/ = | SU7 /nahon/ 0. /ki/ t | 7 /na/ = | % /kni/

1 /nd/ t | 7 /m/ = | 7 /non/
nr /kn/ t | . /ni/ = | RS /knani/

wt Gy |t | L i/ = | he. Jitini/ w7 /kn/ t | 7 /na/ = | S /knand/
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at iy |t | T /na/ = | hth Jitini/ n7 /kn/ t | v/ = | DSV~ fknahu/

nt iy |t |0k = | A-bh fitiki/ n7 /kn/ t | oo /homu/ | = | hgPov-
/knahomu/

Wt it/ |t | neve fanu/ = | hA'thoe sitikmu/ n7 /kn/ t | ¥ /ha/ = | 05 /fknaha/

at gy |t |k = | o, Jatiki/ nr fkn/ t | 7 /hon/ = | ASV7 /knahon/

Wl iy |t | F kn/ = | A7 Jatikn/

b o172 N B /7Y = | At Jito/ h i/ t | Ao/ = | A/

W/ |t | oo fmu/ = | A-tov fitomu/ A i/ t | oo /mw/ = | hov Jomu/

Wty |t | A Ja/ = | AJ ita/ h i/ t | A/ = | A/a/

b 7172 I B I /7Y = | W7 Jiton/ h i/ t | 7w/ = | A7 Jon/

e Ju/ t | 2 o/ = | AL /owo/

e Ju/ t | Pov- pomu/ = | ALov Bwomu/

ot | P wa/ = | AP /owa/

e fu/ t | 2% /won/ = | AL7 /owon/

b) Vowel changes occurred when OMS are attached after circumfix: Table 3.16 summarizes the
possible changes of vowel sounds that can occur during concatenating of the OMS to the circumfix of

one‘s verb.

Page | 56



Table 3.16: Vowel changes occurred when OMS are attached after circumfixes

End  of Object End of Object

Circumfix Marker  Changed form Circumfix  Marker Changed form
A /0 t 0 /ki/ Al /Jiki/ e fu/ t | 2 /wo/ AP /owo/

A /0 t nov i/ HhNov- Jikmu/ e fu/ t | 2o /womu/ AP av- Swomu/
A /0 t . /ki/ AN, /iki/ e fu/ t | P/wa/ AP /owa/

A /0 t nr i/ ANy Jikn/ e fu/ t | 27 /won/ AP /owon/
A /0 t h /o/ h /Jo/

Ko/ t | oo /mw/ hov- Jomu/ h. i/ t | % /ni/ A'n /oni/

A /0 t A Ja/ A Ja/ h. i/ t | % /nd/ A7 /ono/

A /0 t | 7w A7 Jan/ h. i/ t | & ho/ AP /Oyo/

A /0 t | % /ni/ A’ /ini/ A i/ t | 200 yomu/ AL-0v- Byomu/
AR EREY A7 Jdnd/ A i t | € ha/ A€ JOyal
Wl t | v/ AU~ Jahu/ A i/ t | &7 Hon/ a7 /Oyon/
h /o t | Cov Jhomu/ APO Jahomu/

& o/ t Y /ha/ Al Jaha/

A o/ t WP’7 /hon/ AT Jahon/

3.10 Summary

This chapter has discussed about the verb formation process in Ge‘ez, specifically about /gdtdld/

category verbs, by dividing the formation process into three stages as seed formation, person-gender-

number formation and tense-mood formation. The next chapter will discuss about the design of the

model of Ge“ez verbs analyzer along with the implementation principle employed. The design process is

accomplished based on what have been discussed in this chapter.
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CHAPTER FOUR

DESIGN AND IMPLEMENTATION OF THE MODEL OF GEEZ VERBS ANALYZER

4.1 Introduction

This chapter discusses the design of the model of Ge“ez verbs analyzer along with the implementation

principle of the model. The design process is based on the morphological properties of the language

presented in chapter three and the assumptions and approaches discussed in chapter two.

Section 4.2 discusses the assumptions and conventions taken into consideration during the design and

implementation issues. Section 4.3 describes the architecture of the Ge“ez verbs analyzer and the

implementation procedures according to the designed model of the analyzer.

4.2 Assumptions Considered During the Design and Implementation

The following assumptions are taken into consideration while designing the model and implementing

the prototype of the analyzer:

i)

Every Ge‘ez verb should be first transliterated into Roman letters before any kind of analysis
process began. Regarding to the transliteration, one should notice that the transliteration used for
the documentation and the implementation are different. This is done purposely for the sake of
readability of the documentation and simplicity of the implementation®®. The transliteration
convenience used for the documentation and implementation are both given in Appendix IV: A

and B respectivelly.

During the implementation, every Ge‘ez alphabet is represented with two Roman letters (a
consonant accompanied by its vowel) for simplified processing of the strings. For example: the
Ge'ez verb «vlav is transliterated as /heteme/, where every alphabet of Ge®ez is represented with
two convenient Roman letters. For this reason, phrases like ,first character®, ,second character®,
,third character®, etc., in the following algorithms refers to the character order of the transliterated

form of the verb and not for the original Ge“ez verb.

**The reason why we used the Romanic transliteration of the Ge“ez verbs during the implementation phase is to have a
Unicode format of the verb which is suitable for our implementation as we used Java to develop the prototype of the
analyzer.
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iii)  Vowels during the implementation are e, u, i, a, 4, Y, and o representing the seven convenient
Ge'ez vowels namely A 7 A- T A. T A 7 A T & and A respectively. If vowels are found explicitly
in the verb, then they are transliterated only using either of the above listed verbs. For example:
each of the alphabets in the verb A%< £L1-hov- are transliterated as hA=e, &=fY, P=qe, L=de, I'=te,
n=kY and ev-=mu. Since the first alphabet (A) is a vowel, it is transliterated with one Roman
alphabet.

iv)  Throughout all the algorithms, the operation remove() should be understood only as an operation
which detaches a feature from a verb and store that feature for later use in identifying another
features that the verb has. It does not mean discard the feature rather detach and store it to be one

of the valued features even in the later output of the analysis process.

4.3 Architecture of the Analyzer

As pointed out in section 2.2.6.3 of chapter two, the analyzer accepts sequence of surface verbs (verb-
set) extracted manually from the contemporary Ge“ez texts by domain experts. Accepting such an input,
the analyzer passes through definite steps to analyze the verb into its constituting lexeme and
morphosyntactic features. Figure 4.1 depicts the general tasks that the analyzer does while analyzing any

verb of /qdtdld/ category.
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Figure 4.1: Architecture of Ge’ez Verbs Analyzer

As can be seen from figure 4.1, the input of the analyzer is a verb, which is a troop of /gdtdld/.
Accepting this input, the analyzer goes through the main activities to analyze the verb. It uses the

knowledgebase as a demon component while identifying and detaching the affixes from the verb.

The general description on how the analyzer works is presented below.
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4.3.1 Detaching Prefix of a Verb

As discussed in section 3.5.1, prefixes of Ge“ez verbs can indicate stem and tense-mood types of the
respected verb. For this reason, detaching the prefix right after accepting the verb should be the first task
of the analyzer to identify the rest features of the verb. A verb might have two prefixes being
concatenated one after the other as described in section 3.5.1. This possibility of existence of double
prefixes is occurred only in negative verbs which are prefixed by the negation marker /i-/. To handle
such cases, the analyzer first checks the existence of the negation marker /i-/ and then the existence of
the other prefix (if any) next to it. If the verb is going to have a prefix, the possible order of the radical
next to it should be either first or fourth or sixth order which, in turn, leads to a conclusion that there is

no possibility for a prefix of a verb to be followed by second, third, fifth or seventh order radicals.

To identify the prefix of the verb, the analyzer uses the rules and facts incorporated to the
knowledgebase. The knowledgebase contains the possible prefixes occurred in any troops of /gdtdld/
along with their syntactical functions. Accordingly, if the verb is found to have a prefix attached to fit,
then the analyzer splits it from the verb and stores it as a feature. Otherwise, it continues to the next step.
For example, if the verb entered to the analyzer is A..e0- 14+ & ng°Pov- /iyaSYtefagedYkYmYwomu/, then
the analyzer detaches the prefix /i-/ as a negation marker and then the prefix /yaSYte-/ as a causative-
reciprocal stem marker and, finally, passing the remaining part of the verb /fagedYkYmYwomu/ for

further analysis to the next steps.

4.3.2Checking Verb Irregularity

Irregular verbs are those troops of /gdtdld/ that have slightly altered morphological structure when
compared with the CV-template of their head-verb, ¥-a /gdtdld/, due to the existence of one of the
guttural alphabets namely v, «h, -1, & and 0 either at their beginning or middle positions. Once the prefix
of a verb is removed, the analyzer checks if the verb-part (part of the verb with prefix (es) detached, for
instance, /faqedYkYmYwomu/ in the above example) has any of the aforementioned alphabets in it. To do
so, the analyzer takes the first and the third character of the verb-part to identify if the verb is ,beginning
guttural™ and ,middle guttural” respectively. Mismatching of these characters with any of the aforesaid

guttural alphabets means that the verb is regular.
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The analyzer uses the knowledgebase as a demon while analyzing the irregular verbs too. Sample of the

facts and features rules of irregular verbs incorporated to the knowledgebase is shown in Table 4.1.

Table 4.1: Sample of facts and features of irregular verbs incorporated to the knowledgebase

yY 61 Subjunctive/ Jussive Base
tY 61 Subjunctive/ Jussive Base
e 66 Indicative Causative

As depicted in the sample given in Table 4.1, the possible prefixes together with the vocalic patterns (to
be discussed in section 4.3.4 of this chapter) of the verbs of /gdtdld/ are incorporated to the
knowledgebase as features of irregular verbs. Furthermore, the fact that the prefix and vocalic pattern of
a verb can together specify the tense-mood-stem of the verb is also incorporated to the knowledgebase
as one and solid fact. For example, from Table 4.1, the tense-mood and stem of a verb with a prefix /y¥/

and a vocalic pattern 61 are subjunctive (or jussive) and base-stem respectively.

4.3.3 Converting Irregular Verbs to Their Corresponding Regular Forms

The analyzer does its analysis process after making sure that a verb is regular. Regular verbs are those
which have the same CV-template with their head-verb, 1A /gdtdld/, in all their inflected forms. Some
troops of /gdtdld/, however, tend to have irregular CV-template due to the existence of the guttural and

semivowel’

alphabets in them. Such irregular verbs ought to be converted into regular forms by
undergoing certain modifications at their beginning or middle positions in order for them to be

consumed (analyzed) by the analyzer.

As described above, we have identified two forms of irregular verbs namely ,beginning guttural” and
,middle guttural® irregular verbs depending on the position of the guttural alphabets existed in them. The
conversion process conducted for both types of irregular verbs is given as follows. In this regard, one
should be noticed that every conversion process is done without changing the tense-mood and stem of

the verb.

>* Ge"ez has two semivowels namely @/wd/ and ?/ydy/.
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1) Converting ‘beginning-guttural’ irregular verbs into their corresponding regular forms

The difference between ,beginning guttural™ irregular verbs and their corresponding regular forms lies
only on the alphabetical order of the person-marker prefixes of their indicative base-stem forms. The
person-marker prefixes of the regular forms are 4/0/, 2/n/, t/t/ and £/y/. The prefixes of the irregular
indicative base-stem forms, however, are &/d/, 1/nd/, -t/td/ and ?/yd/. And hence, the conversion process

is done by returning the order of these prefixes from first order to their equivalent six order forms.

Il) Converting ‘middle-guttural’ irregular verbs into their corresponding regular forms

The change happened due to the occurrence of guttural alphabets at the middle position of a verb
depends on the tense-mood and stem of the verb. Unlike to the case of beginning guttural verbs, the
difference between middle guttural verbs and their corresponding regular forms lies on all their tense-

mood forms except on the imperative one.

Perfective middle-guttural verbs do have irregular morphological structure only in their reflexive stem
forms. The irregularity of such verbs can be changed back to their regular forms simply by replacing the
first two sixth-order vowel characters (in the transliterated form) with the first-order character. For
example: if the middle-guttural verb to be analyzed is -+9°ha /tdmHle/, it will be first transliterated as
/temYHYle/ and then the conversion process is done by replacing both the first two /¥/ with /e/ and,
which then become its equivalent regular form, /femeHele/. Be noticed in this example that the prefix

/te/ 1s already detached from the verb in the first step.
Indicative middle-guttural verbs, however, have irregular morphology in all of their stems except in their

causative-reciprocal stem form. Table 4.2 is dedicated to show these stems and actions to be taken

during their conversion back to their equivalent regular forms.
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Table 4.2: Rules applied while converting indicative middle-guttural irregular verbs to regular form

Base Replace the first vowel /Y/of the seed of the verb with /e/
Causative Replace the first vowel /Y/of the seed of the verb with /e/
Reflexive Appending the string -I* /tY/ to the end of each of the prefixes of

this stem verbs namely & /e/, - /tY/, £ /yY/and % /nY/>°.
Reciprocal Appending the string -I+/tY/ to the end of each of the prefixes of this
stem verbs namely & /e/, - /tY/, & /yY/and 7 /nY/

On the other hand, subjunctive middle-guttural verbs have different morphological structure from their
corresponding regular forms in their three stem types namely base, reflexive and reciprocal stems. The

rules applied during the conversion process of such type of irregular verbs are given in the Table 4.3.

Table 4.3: Rules applied while converting subjunctive middle-guttural irregular verbs to regular form

Base Replace the first vowel /e/ of the seed of the verb with /Y/

Reflexive Appending the string I /¢Y/ to the end of the prefix of the verb only if its
prefix is found to be either of the prefixes & /e/, -t /tY/, & /yY/and 7 /nY].

Reciprocal Appending the string I /¢Y/ to the end of the prefix of the verb only if its
prefix is found to be either of the prefixes & /e/, -t /tY/, & /yY/and 7 /nY/.

Jussive middle-guttural verbs also have irregular morphological structure in their three stem types
namely base, reflexive and reciprocal stems. The rules applied during the conversion process of such

type of irregular verbs are given in the Table 4.4.

*For example: the indicative reflexive middle-guttural verb 7axa /nYSeel/ is converted into its regular form 7--axa /nY-
tY-Seel = nYtYSeel/ by appending the string -/¢Y/ to the end of its original prefix #/nY/.
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Table 4.4: Rules applied while converting jussive middle-guttural irregular verbs to regular form

Base Replace the first vowel /e/ of the seed of the verb with /Y/

Reflexive Appending the string - /¢Y/ to the end of the prefix of the verb only if its
prefix is found to be either of the prefixes a/e/, -t /tY/, & /yY/and 7 /nY].

Reciprocal Appending the string -+ /¢Y/ to the end of the prefix of the verb only if its
prefix is found to be either of the prefixes A /e/, -t- /tY/, & /yY/and 7 /nY/.

Similarly, gerundive middle-guttural verbs have different morphological structure in their two stem
types namely base and reflexive. The rules applied during the conversion process of such type of

irregular verbs are given in the Table 4.5.

Table 4.5: Rules applied while converting gerundive middle-guttural irregular verbs to regular form

Base Replace the first vowel /Y/ of the seed of the verb with /e/
Reflexive Replace the first vowel /Y/ of the seed of the verb with /e/

Likewise, infinitive middle-guttural verbs have different morphological structure in their three stem
types namely base, Causative-reciprocal and reflexive. The rules applied during the conversion process

of such type of irregular verbs are given in the Table 4.6.

Table 4.6: Rules applied while converting infinitive middle-guttural irregular verbs to regular form

Base Replace the first vowel /Y/ of the seed of the verb with /e/
Causative-reciprocal ~ Replace the first vowel /Y/ of the seed of the verb with /a/
Reflexive Replace the first vowel /Y/ of the seed of the verb with /e/

For example: let us take the infinitive reflexive middle-guttural verb An-t-aaac-t- /eSYteSYYlotY/. Now,

the conversion process that the analyzer undergoes can be pictured as in the figure 4.2.
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regular form of the verb-part after replacing the first /Y/ with /a/

Figure 4.2: procedure of converting the irregular verb AN-FVAA-T /eSYteSYYlotY/ to its equivalent regular
form AN-TAAQT /eSYteSaYlotY/

In this way, irregular verbs of all tense-mood types are converted into their equivalent regular forms

without changing their tense-mood and stem types thereby can be further analyzed by the analyzer.

4.3.4 Identifying Verb’s Vocalic Pattern

The next step is detecting the vocalic pattern of the seed. The seed of a verb has its own CV-template by
which is possible to identify the order pattern of the vowels that participate in the seed formation.
Hence, vocalic pattern of a seed is the order pattern of the vowels of that seed extracted from its CV-
template and is used later during the tense-mood identification process. For instance, the vocalic pattern
of the verb #-ta /gdtdld/ is 111, which is respectively the order of the vowels (d;) in the seed or in the
entire verb (see Section 3.2 for more detail about alphabet orders). Taking the vocalic pattern of the first
two vowels of a seed is found to be adequate for the required purpose and hence the orders 61, 66, 41,

etc., in Table 4.1. This is the point where CV-based approach is effectively used.
4.3.5 Identifying Tense-Mood and Stem of a Verb

Identifying the tense-mood and stem type of a verb is the most crucial task for the analyzer to decide
how to analyze the verb. To realize this, the analyzer uses the prefix detached and that of the vocalic
pattern identified in the previous steps together to uniquely identify the tense-mood and the stem of the
verb. Since the CV-templates of some of the tense-moods of the verbs are similar, distinguishing the
tense-mood of verbs through their CV-template was found difficult. For this reason, composite key

(prefix together with the vocalic pattern of the verb) is used to identify these two essential features of
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verbs. But still, the CV-Template is very important agent to know the tense-mood and stem of a verb for

it is the only means of knowing the vocalic pattern of a verb as described above.
4.3.6 Converting Verbs of different Stems to Base-Stem Form

The analyzer does its core analysis process at base-stem level for all tense-mood types. Consequently, if
the stem of a verb is found to be different from base-stem, it is made to be converted into base-stem
before any kind of analysis process begins. This conversion is done without changing the tense-mood of
the stem, i.e., among stems of the same tense-mood type. Accordingly, a verb with a perfective causative
stem type is converted into a perfective base stem type, an indicative causative stem type is converted
into an indicative base stem type, an indicative reflexive stem type is converted into an indicative base
stem type, and so on. Nevertheless, if the stem type of the verb is found to be base-stem, it doesn't need

any kind of conversion.

As described in the second chapter, the analyzer uses the two-level model approach as a principal
approach in mapping (converting) verbs of different stems into their base-stem form. While making such
type of mapping process, the analyzer manages various phonological and orthographical changes with
the help of the knowledgebase. Following are the discussions on how to convert verbs with a stem

different from base-stem back to their equivalent base-stem forms.

1) Converting Verbs of Perfective Stems Category to their base-stem form

Perfective /qdtdld/ category verbs which have stems different from base-stem are converted into their
corresponding base-stem category forms mainly by removing their prefixes. Causative, causative-
reciprocal and reciprocal verbs require further modification on the internal body of their seeds. The rules

in Table 4.7 are applied in modifying the seed of these stems.

Table 4.7: Rules applied while converting perfective stems category verbs to their equivalent base-stem

Causative Replace the first vowel /Y/ of the seed of the verb with /e/
Causative-reciprocal Replace the first vowel /a/ of the seed of the verb with /e/

Reciprocal Replace both the first vowel /a/ of the seed of the verb with /e/
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For example: the perfective causative-stem verb A%+ €t /efYgeYke/ is converted into its base-stem form
by removing the prefix & /e/ and replacing the first vowel /Y/ of the remaining verb-part /fYqedYke/ with
/e/ to produce the base form é.¢ Lt /feqedYke/.

1I) Converting Verbs of Indicative Stems Category to their base stem form

Any indicative /qdtdld/ category verb with a stem type different from base-stem is converted into its
corresponding base-stem form simply by replacing its prefix with its equivalent base-stem prefix. For
example, the indicative verb J-4.#4. /tafiqdi/ has a causative-stem type and can be converted into its
base-stem by replacing the prefix J- /ta/ with its corresponding base-stem prefix -+ /#/ and, finally,
produce the base verb -I-é.4¢4. /tfiqdi/.

In the case of causative-reciprocal, reflexive and reciprocal stem types, however, further modifications
are required internally in the body of their seed. Accordingly, the rules given in Table 4.8 are applied

during the conversion process of these stem types.

Table 4.8: Rules applied while converting indicative stems category verbs to their equivalent base-stem

Causative-reciprocal Replace the first vowel /a/ of the seed of the verb with /e/
Reflexive Replace the first vowel /e/ of the seed of the verb with /Y/
Reciprocal Replace the first vowel /a/ and the second vowel /e/ of the seed of

the verb with /e/ and /Y/ respectively

III) Converting Verbs of Subjunctive Stems Category to Their Base-Stem Form
Any subjunctive /qdtdld/ category verb with a stem type different from base-stem is converted into its
corresponding base-stem simply by replacing its prefix with its equivalent base-stem prefix. For
example, the subjunctive verb €44 £ /yvafqd/ has a causative-stem type and can be converted into its
base-stem form by replacing the prefix .¢/ya/ with its corresponding base-stem prefix £/)/ and, finally,
produce the base verb e+ /Afqd).
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In the case of causative-reciprocal, reflexive and reciprocal stem types, besides to the prefix change,
extra changes are done internally in the body of their seed. For this reason, the rules given in Table 4.9

are applied during the conversion process.

Table 4.9: Rules applied while converting subjunctive stems category verbs to their equivalent base-stem

Causative-reciprocal Replace the first vowel /a/ of the seed of the verb with /Y/

Reflexive Replace the first and the second vowels (both /e/) of the seed of the verb with /Y/
Reciprocal Replace both the first vowel /a/ and the second vowel /e/ of the seed
of the verb with /Y/

1V) Converting Verbs of Imperative Stems Category to Their Base-Stem Form
Removing the stem prefix of any imperative /gdtdld/ category verb converts it into its corresponding
base-stem form. For example, the imperative verb A% %- /ifqdu/ has a causative-stem type and can be
converted into its base-stem form by removing the prefix & /d/ to produce the base-stem verb &d5-
/fqdu/. An exception to this general rule is the need of seed modification in the case of the three stem
types specifically causative-reciprocal, reflexive and reciprocal. This exception is tackled by applying

the rules given in Table 4.10 while converting these stems.

Table 4.10: Rules applied while converting imperative stems category verbs to their equivalent base-stem

Causative-reciprocal ~ Replace the first vowel /a/ of the seed of the verb with /Y/

Reflexive Replace the first and the second vowels (both /e/) of the seed of the verb with /Y/

Reciprocal Replace both the first vowel /a/ and the second vowel /e/ of the seed of the verb with /Y/

V) Converting Verbs of Jussive Stems Category to Their Base Stem Form

Any jussive /qdtdld/ category verb with a stem type different from base-stem is converted into its
corresponding base-stem simply by replacing its prefix with its equivalent base-stem prefix. For
example, the jussive verb §4:®€: /nafgd/ has a causative-stem type and can be converted into its base-
stem form by replacing the prefix & /na/ with its corresponding base-stem prefix 7 /n/ and, finally,

produce the base verb 74:¥ £ /nfqd/.
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In the case of causative-reciprocal, reflexive and reciprocal stem types, besides to the prefix change,
they demand extra modifications internally in the body of their seed. To do such a modification, the

rules given in Table 4.11 are applied on verbs of these stem types.

Table 4.11: Rules applied while converting jussive stems category verbs to their equivalent base-stem

Causative-reciprocal Replace the first vowel /a/ of the seed of the verb with /Y/

Reflexive Replace the first and the second vowels (both /e/) of the seed of the verb with /Y/
Reciprocal Replace both the first vowel /a/ and the second vowel /e/ of the seed of the
verb with /Y/

VI) Converting Verbs of Gerundive Stems Category to their base stem form

Gerundive /qgdtdld/ category verbs with a stem different from base-stem are converted into their
corresponding base-stem by removing their prefix. In the case of causative, causative-reciprocal and
reciprocal stems, however, further modification of the body of the seeds is done by applying certain

rules while the conversion process. The rules applied for this purpose are depicted Table 4.12.

Table 4.12: Rules applied while converting gerundive stems category verbs to their equivalent base-stem

Causative Replace the first vowel /Y/ of the seed of the verb with /e/
Causative-reciprocal Replace the first vowel /a/ of the seed of the verb with /e/
Reciprocal Replace both the first vowel /a/ of the seed of the verb with /e/

For example, the gerundive causative-reciprocal verb A0-t4-t& /eStefagido/ is converted into its base-
stem form by removing its prefix A0-I* /eSte/ and then modifying the seed 4-& /fagido/ by replacing its
first vowel /a/ with /e/ to produce the base-stem form é.& /fegido/.

VII) Converting Verbs of Infinitive Stems Category to their Base-Stem Form
Alike to gerundive verbs, infinitive /gdtdld/ category verbs which have a stem different from base-stem
are converted back to their base-stem form by removing their prefixes. Further modifications are also

done on some of their seeds. Basically, infinitive verbs are of two types: those which end with -I- /#/ and
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those which are not. Those which end with the suffix -+ /#/ are made to remove this suffix during the

conversion process. And then, the rules are applied for the internal modifications in both cases.

Table 4.13: Rules applied while converting infinitive stems category verbs to their equivalent base-stem

Causative Replace the first two vowels (both /Y/) and the third vowel /o/ of
the seed of the verb with /e/, /i/ and /Y/ respectively

Causative-reciprocal Replace the vowels /a/, /Y/ and /o/ respectively with /e/, /i/ and /Y/
Reflexive Replace the second vowel /Y/ and the third vowel /o/ with /i/ and /Y/
Reciprocal Replace the vowels /a/, /Y/ and /o/ respectively with /e/, /i/ and /Y/

The Table 4.14 is dedicated to clear up how the two-level morphology approach is used while mapping
other stem types to their base-stem forms by taking the infinitive verb A% & /efYqYdotY/ which has a

causative stem type.

Table 4.14: The operations performed while applying TLM in converting other stem verbs to base-stem

Infinitive causative verb AGP LT

o,
o
<

Transliterated form®’ e f
\/

Base-stem form -

anr]

® <
Q

-

o

o

<

Q

The arrows (V) in the Table 4.14 depicts the two-level mappings carried out during the stem conversion
process. Accordingly, the first arrow shows that the prefix of the causative-stem verb is removed

whereas the next subsequent arrows indicate the replacement operation during the mapping process.

4.3.7 Detaching the SMS and OMS of Perfective and Imperative Verbs
After converting the stem of the verb back to its base stem, the analyzer begins its principal analyzing
process. Yet should be the analysis carried out to identify the SMS and OMS at the base-stem level of

each of the tense-mood types. As discussed in section 3.6, verbs of /gdtdld/ category particularly

" This transliteration is used only during implementation
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perfective, imperative, gerundive and infinitive verbs have SMS markers. But, since gerundive and
infinitive do not have OMS, we developed a separated algorithm that can detach onlythe SMS of these

two tense-mood types.

As described in section 3.5 of the third chapter, OMS of a perfective or imperative verb is attached
immediately after its SMS. Further, OMS and SMS of the same morphology cannot be affixed at the
same time to a given verb. Nevertheless, there are times where the SMS of these verbs have the same
morphology with some of the OMS suffixes of the same verbs. For example, the OMS h /kd/ of the
perfective verb 4.0 /fdgdidYnakd/ and the SMS t/kd/ of another perfective verb .4 €n /faqddYkdi/

are the same.

As a result, the algorithm developed to analyze these type verbs tries to tackle such a problem by first
checking if the verb has SMS before detaching a feature from the verb as OMS feature. If the verb is
found to have an SMS which is different from the formerly detached feature (expected OMS), then the
former feature detached from the verb is regarded as OMS and the later as an SMS. Otherwise, the

former feature could only be an SMS feature.

The fact that the maximum possible length of SMS and OMS is four is another important point used
during the development of the algorithm. The complete pseudocode of the algorithm developed to

detach an SMS and OMS of a verb is given in Appendix III-A.

For the purpose of identifying the SMS and OMS of the verb, the analyzer uses the knowledgebase as a
demon. The facts and rules incorporated to the knowledgebase include the subject marker along with the
subject and the subjPNG® indicated by the marker. Sample SMS features incorporated to the
knowledgebase are given in Appendix-VB. Similar representation facts and rules are used while

incorporated features related to the OMS of the verbs (see Appendix-V C).

4.3.8 Detaching the SMS of Gerundive and Infinitive verbs

If the tense-mood of a verb is found to be gerundive and infinitive, all the analyzer does is detaching
their SMS only. Hence, a separate algorithm is developed for this purpose. As it is discussed above, the
maximum possible length of an SMS of a verb is four. For this reason, the algorithm begins detaching

this length feature from a verb and then checking the existence of such a feature in the knowledgebase.

>¥ subjPNG stands for subject™s person, number and gender
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If the feature is found as valid SMS feature, it is made to be detached and stored as valued feature in the

output.

4.3.9Detaching the Circumfix and OMS of Indicative, Subjunctive and Jussive Verbs

Circumfix, as it is described in the second chapter, has two parts, one before the seed and the other after
the seed. As discussed in section 3.5.3, verbs with any of the indicative, subjunctive or jussive tense-
moods have circumfixes attached to their seed. Such verbs may also have OMS suffix attached to the
verb immediately after the circumfix. Accordingly, if a verb is identified to have either of these tense-
moods, then the analyzer detaches both the circumfix and the OMS suffix of the verb with the help of
the rules incorporated in the knowledgebase. Sample of the circumfix and OMS features of such verbs

incorporated to the knowledgebase is shown in Appendix-V D.

While detaching the circumfix and the OMS of such verbs, the analyzer passes through four defined
steps. Firstly, it detaches the prefix of the verb. Since the analysis process is done at a base-stem level of
the verb, the maximum length of the prefix is two. For this reason, the analyzer begins identifying the
prefix of a given verb by detaching the first two characters and checks their existence in the
knowledgebase. If not found, it continue detaching a feature of length one less than the former until it
finds a valid prefix feature. Secondly, it detaches the OMS of the verb. The maximum possible length of
an OMS of any verb is four. So, the analyzer begins by detaching the last four characters and checks
their existence in the knowledgebase. Otherwise, it continue detaching a feature by decreasing its length
by one until it finds a valid feature while compared to what is incorporated to the knowledgebase.
Thirdly, itdetaches the suffix part of the circumfix feature of the verb. The suffix part of the circumfix is
found being attached directly to the seed before the OMS (if any). This feature is identified by detaching
from among the last four characters of the verb found before the OMS (if any) of the verb. The
combination of the prefix obtained in the first step and the suffix detached here in the third step yields
the circumfix of the verb. Fourthly, it identifies the SMS, subject and subjPNG of the verb based on the
features found in the above three steps. The complete pseudocode of the algorithm developed to detach

circumfix and OMS of verbs of the above mentioned tense-mood types is given in Appendix-III C.
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4.3.10 Identifying the Lexeme of a Verb

As described so far, the main task of the analyzer is to analyze surface form verbs back to their lexeme
forms and other morphosyntactic features. Lexeme form of a verb for Semitic languages is the
dictionary (lexicon) form of the verb usually in 3psm form. Since the main focus of this study is on
verbs of /qdtdld/ category, the general CV-template of the lexeme of this category verb is 111, where the
vowels of the verb are all first order vowels. For example: lexeme of the indicative verb e1n9°2
/ygdzmwo/ (they will cut it off) is Mav /gdzdmd/ (he cut something off), where all of the vowels are first
order vowels, hence 111. As a result, some replacements and removals of characters should be done by
the analyzer to return the seed of the verb to this generic template of the entire /gdtdld/ paradigm. The
complete pseudo code of the algorithm developed to identify the lexeme of a verb is given in Appendix

III B.

4.3.11 Generating Analysis Result

Finally, an output of the analysis process which is comprised of the lexeme and all other valued
morphosyntactic features identified all over the whole analysis process (from step one to ten) discussed

above is generated.

4.4 Summary

In this chapter, the chief contribution of this study, the architecture of the model of Ge*ez verbs analyzer
particularly for /gdtdld/ category verbs along with the implementation issues is discussed. The design
and implementation issues discussed in this chapter are based on language-oriented analyses described
in the third chapter. Furthermore, the approaches proposed in the second chapter are also effectively
used during the designing and implementation issues of this chapter. The next chapter discusses the
performance testing procedures and the results of the experiment based on the design and
implementation analyses presented in this chapter. The chapter also discusses the causes of errors

encountered during the experiment.
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CHAPTER FIVE
EXPERIMENTAL ANALYSIS

5.1 Introduction

In the previous chapter, an attempt was made to discuss the design of the model of the Ge“ez verbs
analyzer. In this chapter, we describe the prototype implementation of the algorithms designed, the data
set (verb-set), the experimental procedures and the results achieved after testing the model of the
analyzer proposed in chapter four with a thoughtfully prearranged verb-set. Also discussed are the

causes of errors encountered during the experiment.

5.2 The Prototype

The algorithms presented in chapter four are coded using Java NetBeans IDE 6.7.1. Figure 5.1 shows the

main screen of the developed system.

Figure 5.1: Main screen of the prototype of the analyzer
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The developed prototype begins analyzing the verbs by taking the path of the file where the collected verb-set are
stored. The button (4.A9?), an equivalent to the English word ‘Browse’, is used to browse the path of the
file where the verb-set is found. Next, when the button “+7%4% (to mean analyze) is pressed, every verb
in the file indicated through the path given in the text field are taken one by one and the algorithms
discussed in the fourth chapter are all applied based on the context of the verb and finally the lexeme
and other morphosyntactic features of the verb are all listed in the table. In need of analyzing a single
verb, it is possible by entering in the Pov-he- 207 text field and then pressing the button “+7+7% found
next to this text field will list all the features of the verb on the text area given under it. Figure 5.2 is

dedicated to show the output of the prototype obtained after pressing the %% button.

Figure 5.2: Output of the prototype of the Ge’ez Verbs Analyzer system

As can be seen from figure 5.2, the possible features of the verb expected to be returned as the end of the

analysis process are labeled as column names. The columns labeled as ,prefix®, ,subject™ and ,pbject

each contains two features of the verb namely the prefix along with its syntactical function, the subject
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together with its subPNG and the object along with its objPNG™. If the expected feature is not found in
the verb, then the value of the feature is indicated by (-) in the table.

5.3 Performance Evaluation Procedures

The following procedures were employed to evaluate the performance of the analyzer.

i. Data collection

Three independent Ge“ez language experts were employed to extract the verbs found in all twenty seven
New Testament books of the Ethiopic (Ge‘ez) Version Bible to be used for testing of the model of the
analyzer. Extracting verbs, classifying them into their appropriate heads and identifying the tense-mood
of each of the extracted verbs were some of the duties of these experts while preparing this verb-set. The
total number of verbs collected from this version Bible, neglecting repetitions, were 1177 of whom 551

(46.81%) were found to be troops of /gdtdld/ category (see Table 5.1).

Table 5.1: Total Number of verbs extracted from the New Testament of the Ethiopic Version Bible and

their classification into their respective heads (representatives) according to the domain experts

No. Verb Heads | Number of verbs extracted | Total (%)

1 +1a 551 46.81

2 + L0 164 13.93

3 10 212 18.01

4 7700 126 10.70

5 ash 24 2.04

6 L1 30 2.55

7 nva 28 2.39

8 T0o 42 3.57
Total | 1177 100

Further, 136 of these /gdtld/ category verbs were verbs with derivational morphology® by which are
left out of the scope of the study. And hence, only 415 verbs of the total /gdtdld/ category verbs were
used for testing of the developed prototype of the analyzer.

>% 0bjPNG refers to the person, number and gender of the object
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The reason why the testing verb-set was collected from the Ethiopic Version Bible and not from the
other sources is because this Bible is the most authentic scripture in the EOTC, the only source of this
study, and is written with the genuine®' nature of the language. Besides, it containes all types of the
verbs. Hence, extracting the testing verb-set from such resource is believed to make a better confidence

on the reality of the performance of the proposed model of the analyzer.

ii. Preparing Verbs Analysis Manually
The verb-set collected in the aforesaid way was analyzed manually yet by other domain experts and was
encoded based on the transliteration principle followed during the implementation of the prototype of

the analyzer (See Appendix VI).

iii. Designing database for the manually analyzed verb-set
For the manually analyzed verb-set to be easily consumed during the evaluation, it was made to be

stored in an MS-SQL server database.

iv. Evaluating the Analysis Output of the System by Domain Experts

Those experts who prepared the manual analysis of the verb-set have also evaluated the analysis output
generated by the analyzer. With the aim of improving the accuracy of the analyzer, causes of errors were
identified and finally were corrected. This process of correcting errors was done until the result obtained

was found to be satisfactory.

59 As it is already described in the second chapter, derivational morphology refers to a type of morphology of words which
have changed their POS as the result of their concatenation with grammatical morphemes. Hence, the mentioned numbers of
/qdtdld/ category verbs which are of this type of morphology are left out of the scope of this study because they have changed
their verb nature to other POS category particularly to verbal nouns and verbal adjectives.

¢! By ,genuine nature’ we mean the real grammar with an appropriate usage of the alphabets of the language especially the
usage of alphabets 07 77 hf h7 17 3T AT AT 07 97 07 AT 97 7 47 wi 4 and ». The tendency of pronouncing the first six
alphabets as ,}*, the next four as ,A" the next two as ,A“, etc. in Amharic language has influenced some recently written
Ge"ez literatures. Actually, these alphabets represent distinct sounds from the very beginning till now. A lot of scrtiptures
have been written with the appropriate sound respresentation of these alphabets. Trying to merge or use them in a
different way will result at loosing the whole content of the ancient and medival time literatures which are written with the
right sound representation of the alphabets. Doing so in the language can in no way be considered as a developmental
asset of the language rather demolishing and loosing what it had! And hence, the preference of the Bible for preparing the
testing verb-set is to avoid such confusion.
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v. Comparing the actual analysis output with the desired analysis results

At last, evaluation of the performance of the analyzer is performed in two levels: at features of verbs

level and at verbs level.

v.a) at features of verbs level:
One way of measuring the performance of the analyzer is by comparing the features of each of
the verbs generated as an output by the analyzer (actual output) with their corresponding
features of each of the verbs (desired output) stored in the database. Thus, the accuracy of the
system is calculated as the number of correctly analyzed features of verbs divided by the total
number of features of verbs generated by the system multiplied by 100.
Mathematically,

B Total Number of Correctely Analyzed Featurs of verbs 100%
= *
cecuracy Total number of Analyzed Featurs of verbs 0

v.b) at verb level
The second way of measuring the performance of the analyzer is based on the number of
qurectly analyzed verbs and, hence, is calculated as the number of correctly analyzed verbs
divided by the total number of testing verbs multiplied by 100.
Mathematically,

B Total Number of Correctely Analyzed verbs 100%
= *
ceuracy Total number of Testing verbs i

5.4 Results of the Experiment

In this section, the result of the experiment conducted to evaluate the performance of the analyzer based
on the two level of evaluation discussed above is presented.
a) Result of the experiment conducted at features of the verbs level
Table 5.2 presents the results of the experiment conducted by inputting the verb-set by applying

the above procedures at the features of the verbs level.
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Table 5.2: the result of the experiment conducted at features of the verbs level

No. Verb features Correctly analyzed Incorrectly analyzed Performance Total
features features (%)
1 Prefixes with its 369 46 415
syntactic function 88.92

2 Circumfixes 398 17 95.90 415

3 SMS 345 70 83.13 415

4 Subject 366 49 88.19 415

5 OMS 386 29 93.01 415

6 Object 402 13 96.87 415

7 Tense-Mood 411 4 99.04 415

8 Stem 410 5 98.80 415

9 Lexeme 351 64 84.58 415
Total 3438 297 828.44 3735
In percent 92.048% 7.952% 92.048% 100%

As can be seen from Table 5.2, the system has completed analyzing the features of the inputed
verbs with an accuracy of 92.05%. About 8% of the features are wrongly analyzed due to

different reasons which will be discussed in section 5.5.

b) Result of the experiment conducted at verb level
As it is described above, the total number of verbs used to test the system is 415. Of these, 307
(73.98%) verbs are correctly analyzed; i.e., every feature of the verbs is analyzed perfectly. The
remainng 108 (26.02%) verbs, however, are analyzed with some errors in some of their

features.

5.5 Discussion of the Results

As indicated in Table 5.2 above, the evaluation of the performance of the developed model of the
analyzer is carried out by comparing each of the features of the verbs produced by the analyzer with
each of their correspondent features in the manually analyzed testing verb-set stored in the database.
Accordingly, a given feature, during the comparison, is either going to be the same as its correspondent
features of other side verb-set or else different from the desired one. Consequently, two parameters are
used to count ,number of matches™ and ,number of mismatches* for each of the nine expected features
from a given verb. Hence, for each of the features, these two variables articulate how many were

correctly analyzed and how many were not. This issue is boldly answered in the Table 5.2. As is pointed
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out in this Table, larger amount of errors are occurred while analyzing the SMS of the verbs, next
greater occurrence of errors are seen while identifying the lexeme and yet next greater were encountered

during identifying the subject and so on.

The error analysis presented in this section is based on the assumed approach namely the rule-based
approach discussed in section 2.3.2. The analysis carried out by the analyzer is based on linguistically
motivated rules laid down by the researcher, i.e., the errors are created truly as the result of the nature of
the rules formulated for the analyzer. Following is the discussion on the causes of the errors shown in

Table 5.2 as in the case of each of the expected features.

5.5.1Causes of errors while analyzing the prefixes of the verbs

In section 3.5.1, we discussed about the type and list of possible prefixes of Ge‘ez /gdtdld/ category
verbs. For example, we have seen that the prefixes & /d/, 7 /nd/, -t /td/, and ¢ /yd/ (in both their first
order and six order forms) are person-marker prefixes particularly for indicative, subjunctive and jussive
verbs and the cusative-stem-marker prefix & /i/% for perfective, gerundive and infinitive causative-stem
verbs. We formulated a general rule which helps the analyzer to detach these prefixes if any in a given
verb of such categories. Nevertheless, this rule has encountered confusing cases while analyzing some
verbs of these types. These cases are common in verbs which begin with & /d/, ¥ /nd/, - /td/, and ¢ /yd/
(in both of their possible occurrences) but do not have any prefix. For example: the subjunctive verb
1028 /nsgd/ (we shall bow down!) has a person-marker prefix 7 /n/ and the same category verb Z0C
/nbdr/ (You-2psm- must sit down!) seems to have the same prefix as the former but is not in the reality.
For the later verb, 7 /n/ is not a prefix rather one radical of the root of the verb- but leads to a confusion

with the former verb case.

Similarly, the person-marker prefix, -I* /ti/, of indicative verbs (though occurred only in irregular verbs)
is confusing with the reflexive-stem-marker prefix -I- /ti/ of perfective, gerundive and infinitive verbs.
For example: the indicative verb -Fhe 8 /tiHdsdy/ has a person-marker prefix - /td/ and the perfective

reflexive-stem verb -Fhew? /tiHdsdyd/ has the prefix -+ /td/ which has in no way a morphological

2The causative-stem-prefix is, nowadays, written as A /i/ after the mis-pronounsation of 4 /i/as A /a/in Amharic
language and its influence in contemporary the Ge“ez scriptures and literaturs.
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difference except that they are of different syntactical function which causes an error during the analysis

in both the prefix feature and stem feature of the verb.

5.5.2 Causes of errors while analyzing the circumfixes of the verbs

If a verb is going to have a circumfix, then it should have a prefix part of the circumfix attached to its
front. And if there are cases where the analyzer confuses with some of the prefixes, intuitively, same
errors will also be happened while analyzing the circumfix of verbs with the similar cases. For this
reason, the errors occurred while analyzing these feature are implication of errors encountered while
analyzing either the prefix or the suffix or both part(s) of the circumfix (causes of errors of suffix of

such verbs is given below).

5.5.3 Causes of errors while analyzing the SMS of the verbs

SMS, as described earlier, is a bound morpheme suffixed particularly to perfective, gerundive and
infinitive verbs to indicate who the subject of the verb is. While identifying SMS of such verbs, the
analyzer has generated error analyses basically for certain verbs of two qualities:

1) Verbs which ends with glottal alphabets

i1) Verbs which ends with semivowel alphabets

Following is the discussion on both the above mentioned cases.

i) Verbs which ends with glottal alphabets

Whenever an SMS markers specifically h /kd/, t /ku/, 0, /ki/, 0’7 /gn/ or hov- /gmu/ are appended to the
end of a verb which ends with either of the glottal alphabets namely + /gd/, h /kd/, or 1 /gd/, assimilation
effects are observed on the boundary of the morphemes. Furthermore, when the SMS % /nd/ is added to
the end of a verb which ends with 7 /n/, similar effect is detected at the boundary of the morphemes. In

sum, the possible assimilation effects observed during the experiment are presented as in Table 5.3.
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Table 5.3: Assimilation effects observed when SMS morphemes are attached to a verb which ends with ¢
/qél, hh /Ké/ or 1 /gi/

+ /q/ T 0 /kd/ = | ¥ /qd/ APaod | =| hPacd
+ /q/ 1 0 Jku/ = | & /qu/ APaod t v | =| hPard:
+ /q/F W /ki/ = | & /qi/ hPood Fh, | =| hPored:
* /q/ T 07 /kn/ = | 7 /qn/ APaod | 7 | =| h PP
* /q/ T novo- Jkmu/ = | ¥av- Jgmu/ ATavd | hov | =| RPapao-
h/k/t o ka/ = | h/ge/ anh 1 h =| aNh
h/k/+ o Jku/ = | e /qu/ anh 1 b =| anh
n /k/ 1 0 /ki/ = | W /qi/ anh 1 h, =| anh,
n/k/twr/kn/ | = | Wr /gqn/ anh + nz =| aNh7
n/k/t hoes fkmu/ | = | hoo- /gmu/ A0n 1 hee- | =| ANHov-
2/g/talkd/ | = |1 /gd/ Hh& T h =| h&1
2 /g/ T W /ku/ = |+ /gu/ AL T | =| h&F
2/g/twki/ | = | /gl A&7 Th | =] h&
2/g/ T /kn/ | = | 1 /gn/ A& T | =| &
9 /g/ T nev/kmu/ | = | %oo- /gmu/ h L hav- =| h&“lav-
7 /n/ T Ind/ | = | 0 /nd/ | havy iy [ =] hovd

Due to the assimilation effects happened at the boundaries of the morphemes, the morphology of such
surface verbs has altered from the regular form after which is the analyzer produced error analyses for

these types of verbs.

ii) Verbs which ends with semivowel (w /wi/ and ¢ /ydi/) alphabets

The presence of either of the semivowels @ /wd/ or ¢ /yd/ at the end of a verb brought a change in the
inflected forms of the verb in its indicative, subjunctive, imperative and jussive stem categories. Table
5.4 depicts the possible changes observed in each of the aforementioned stems by putting the underlying
and surface forms of the verb é.-t® /fitiwi/ (he wanted), which is one of the troops of /gdtdld/ with the

semivowel @ /wd/ at its end, as an example.
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Table 5.4: Assimilation of a verb with @ /wi/ at its end

Base Stem Causative Stem Causative-Reciprocal | Reflexive Reciprocal

Underlying | Surface Underlying | Surface Underlying | Surface Underlying | Surface Underlying | Surface
form form form form form form form form form form
LéTo | LAk £étar £e.1: eatdta | el Ltbota L4t Lotdotar | Lt
Kfetw/ | Afetw/ | YT pafetu/ ;yas tefatw | fyastefatu/ | /vifetew/ | fytfeto/ Mvtfatew/ | /ytfato/
Lol | geE £élar Pé: eotdta- | eortdok L1 éota- Lé. Lodta | LAgt
hfiw/ | Wftu/ | P afetu/ jyas tefarw | Jyastefaw/ | /yifetew/ | /yifeto/ Ntfatew/ | /ytfato/
LoVl | gevE Pélar Pé: eotdtao- | eortdok L1 éoto- Lé. Lodta | LAgt
hfiw/ | Wftu/ | P aferu/ jyas tefarw | Jyastefaws/ | /yifetew/ | Jyifeto/ Ntfatew/ | /ytfato/

As pointed out in Table 5.4, the presence of /wd/ at the end of the verbal stems caused a change on the
vowel of its preceding radical and finally disappeared itself from the verb. If the radical preceding /wdi/
has a six order vowel, then the presence of /wd/ converts this vowel into second order. If the vowel of

the preceding radical is first order, then the occurrence of /wd/ converts it into seventh order.

Similar changes are observed in verbs which end with the semivowel ¢ /yd/. Table 5.5 depicts the
possible changes occurred in each of the aforementioned stems by putting the underlying and surface
forms of the verb ¢%¢ /gdndyd/ (he bought), which is one of the troops of /gdtdld/ with the semivowel ¢

/yd/ at its end.

Table 5.5: Assimilation of a verb with ¢ /pd/ at its end

Base Stem Causative Stem Causative-Reciprocal
Underlying Form | Surface Underlying Form | Surface Form Underlying Form | Surface Form
Form
LPre L, P71 e (L3 LotPie Loy,
/yqéiny/ /yqani/ /yaqdny/ /yaqdni/ /yastdiqany/ /yastdqani/
LP7L £, £41L £, et e ok,
/yqny/ /yqni/ /yaqény/ /yaqdni/ /yastiqany/ /yastdqani/
LPL L. £41L £, oL ok,
/yqny/ /yqni/ /yaqény/ /yaqdni/ /yastiqany/ /yastdqani/

As pointed out in the Table 5.5, the presence of ¢ /vi/ at the end of a verb brought a change in its
indicative, subjunctive, imperative and jussive stem categories. In all of these forms, the semi-vowel /yd/
disappeared from the verb after changing the vowel of its preceding consonant into third order. The
vowel of the middle consonant of both the gerundive and the infinitive verb forms are also changed from

third order into six order vowel.
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For this reason, the presence of the semivowels alphabets brought an irregularity effect on the verbs.
And leaving this irregular morphology uncaught leads the analyzer to mistakenly analyze the SMS

features of such verbs.

5.5.4 Causes of errors while analyzing the Subject of the verbs

The errors occurred while identifying the subject of the verb are direct implications of the errors issued
while analyzing the SMS of the verb. This is because it is merely by its SMS that the subject of a verb

could be recognized.

5.5.5 Causes of errors while analyzing the OMS of the verbs

There are verbs which do not have OMS markers but seem to end with alphabets matching with either of
the possible OMS marker features. As it is discussed in section 4.3.7, a feature is detached from a verb
as OMS marker if and only if there is another feature in the verb preceding that feature which could be
taken as a subject marker. Accordingly, for the aforesaid verb types, if the analyzer finds the character
/Y/* just before the ending alphabet(s) which matches with either of the OMS markers, then it
mistakenly consider /Y/ as a subject marker and the OMS matching feature of the verb as OMS. For
example: the verb -Iho? /teHexYne/** ends with the feature %/ne/ which matches with the OMS marker
1/ne/. Now, the analyzer proceeds to see the feature before 7/ne/ in the verb. Then, in this case, it finds
the feature /¥/ which matches with the subject marker /Y/. Finally, the analyzer ends up with a wrong

analysis by considering 7/ne/ as OMS of the verb and /Y/ as its subject marker.

5.5.6 Causes of errors while analyzing the object of the verbs
The errors occurred while identifying the object of the verb are direct implications of the errors issued
while analyzing the OMS of the verb. This is because it is merely by its OMS that the object of a verb

could be recognized.

5.5.7 Causes of errors while analyzing the tense-mood of the verbs
The occurrence of errors while identifying the tense-mood of a verb is because of the presence of the

semivowels either at the beginning or middle or end of a verb which could change the morphology of

% The character /Y/ is added to the six order alphabets as a vowel during the implementation. For example: 4. is
transliterated during the implementation as /feqidY/, where /Y/ is the vowel of the six order alphabet in the equivalent
Ge“ez form.

% The English transliteration of the verb during implementation

Page | 85



the verb in some of its tense-mood types by reducing the number of radicals and changing the order of
some of its vowels as it is shown in Table 5.4 and Table 5.5. Since the analyzer uses the prefix and
vowel pattern of the verb as a compound key to identify the tense-mood of a verb, errors encountered
during detaching the prefix of the verb have also some contributions to the errors detected while

analyzing the tense-mood of the verb.

5.5.8 Causes of errors while analyzing the stem of the verbs
The chief causes of errors while recognizing the stem of the verb are the errors occurred while identifying the

prefixes of the verb. This is because the analyzer could identify the right stem type of the verb only if it has
correctly detached the prefix of the verb.

5.5.9 Causes of errors while analyzing the lexeme of the verbs

The main cause of errors in the course of identifying the lexeme of a verb is actually the commulative
implication of the errors encountered while analyzing the SMS and OMS and circumfix of the verb. The
main reason behind is the fact that the seed is the nucleus of the verb obtained after the affixes around it

are removed. Failing to remove the affixes will directly result at incorrect lexeme identification.

The other possible cause of errors while identifying the lexeme of a verb is the existence of the semivowels in the
verb as they shrink the verb“s body and convert the order of some of the vowels in it. For example, the verb
wl.L /wirddd/ (he descended), one of the troops of /gdtdild/ which starts with the semivowel @/wd/, has
248 /yrid/ (he must descend) and £4.€:%° /yréid/ (for him to descend) as its subjunctive and jussive base
stems respectively. According to the regular structure of /gdtdld/ category verbs, however, the verb
forms of these stems should be Lw-C £ Awrd/ and Lw-CL: /ywrd/ respectively. In the reality, however,
these forms are found being diminished to a smaller form, &4€ /yrid/. Then, when the analyzer
removed the affixes in /yrdd/, the remaining body of the verb to be a lexeme is &€& /rdd/. As the result,
the analyzer fails to identify the actual lexeme of the verb wd & /widrddd/ as it is difficult for it to predict

the third missed radical (@-) of the verb.

% The subjunctive and jussive inflections of a verb with a subject different from second persons are all the same in
morphology. Their difference lies, however, in the usage which is determined based on the context of the sentences they
are used in.
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CHAPTER SIX
CONCLUSION, RECOMMENDATIONS AND FUTURE WORKS

6.1 Conclusion

The purpose of this study was to design ananalyzer for Ge‘ez - /gdtdld/ category verb forms. The
Morphological properties of Ge“ez in general and that of /gdtdld/ category verb forms in particular
which are useful for computer representation are identified. Then the various techniques to
morphological analysis are reviewed. Accordingly, a rule-based approach, by combining both CV-based
approach and TLM are employed for this study. These techniques are selected because they take the
properties of the language into account. The rules of templates, roots, suffixes and phonological
variations (guttural properties, vowel changes) which helps the analyzer to analyze different features

from an input verb are designed.

Algorithms are designed from scratch as there are no previously designed algorithms for this purpose
based on the morphological properties of the language to analyze /gdtdld/ category surface verbs.
Finally, a prototype verb analyzer is developed to evaluate the performance of the designed algorithms.
It has been found throughout the research that Ge“ez is a morphologically complex language. Most of
the words in the language are verbs or derived from verbs. It is indicated that verbs are the most
productive classes of words in the language. The root is a basic lexical unit of the language. The root

form of a base-stem verb can be tri-literal, quadri-literal, and multi-literal.

Formation of verbs in Ge‘ez is realized through three stages of formation: seed formation, person-
gender-number formation and that of tense-mood formation. The intercalation of vowels with
consonants in a given template produces what we call seed. The produced seed grows up to a more
natural verb forms by attaching itself to tense-mood and person-gender-number marker morphemes.
Each seed has its own unique template. This essentially implies the fact that verbs do have different
templates. Their basic difference lies on the type of vowels participated during the formation process.
More precisely, the initial, medial and final alphabets of these seeds (in other words, their CV-template)
results at one true difference among verbs of Ge“ez. It is also shown that verb formation follows regular

patterns: infixing, prefixing, suffixing and circumfixing. Thus, it is possible to conclude that even
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though Ge'ez is morphologically complex language its regular patterns make it manageable for

algorithmic processing.

In order to evaluate the accuracy of the designed model, verbs found in all twenty seven New Testament
books of the Ethiopic Version Bible was extracted by domain experts. Accordingly, /gdtdld/ category
verbs of these total extracted verbs were given to the prototype of the model. The accuracy of the output
generated by the analyzer was compared with the manually prepared analyses of the same verb-set by
the language experts at two levels: at features of verbs level and at verb level. Accordingly, it is
observed that the analyzer has analyzed these verbs with an accuracy of 92.05% at feature level and of
73.98% at verb level. At large, this research has realized the design and implementation of automatic

morphological analyzer for Ge"ez verbs.

6.2 Reccomendations

It 1s believed that the remaining seven verb categories which are left out of the scope of this study do
have the same morphological structure particularly on the last two formation stages. The only difference
among these verb categories, however, lies on their seed formation, which means only their CV-
template brings the difference among them. As the result, the researcher believes that the model can also
work for such type of verbs by carrying out simple modifications particularly in the stem conversion
algorithms. Especially, the person-number-gender markers and tense-mood formations analyzed in this

study can be used without any kind of modificationswhile working with the remaining other categories.

Moreover, the approach and analysis procedures followed in this thesis can also be easily adopted while
in need of designing analyzer(s) for each of the other POS category words of Ge“ez. For example, the
inflected surface forms of verbal nouns (nouns derived from verbs) obtained through undergoing
declaration have similar morphological structures and, hence, can be analyzed using the algorithms

developed in this thesis by incorporating simple modifications( only for some exceptional cases).
Furthermore, researchers who are interested to design and develop the analyzer*s counterpart component

of NLP, the morphological synthesizer, for Ge“ez language can adopt the facts, rules and feature

analysis concepts carried out in this study without or with little modifications.
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Generally speaking, this research will serve as a starting point for other researchers by indicating the
possibility of developing an automatic morphological analyzer for Geez verbs in general and for /gdtdild/
category verbs in particular. Muchinterestingly, it is realized that it is possible to study and analyze
Ge"ez language and disclose the ancient Ethiopic resources yet locked with it into use with the help of
Information Technology.As a result, it is believed that it will encourage Ethiopian students and
researchers to take part in similar researches which ultimatelyled to a higher level and more demanding
research endeavors such as parsing andmachine translations thereby attaining the goal of developing the

full-fledged NLP application for Ge ez.

6.3 Future Works

1. Designing a morphological analyzer for the other verb categories of Ge“ez by adopting the rules,
facts and procedures analyzed in this study and moving to the final goal of attaining a full-fledged
verb morphological analyzer for Ge*ez language is an interest in future works.

2. Designing the morphological synthesizer, one of the components of NLP, for Ge‘ez language using
the rules and facts formulated in this study is the other one to be realized in the future.

3. Developing a morphological analyzer for Ge"ez and other local languages, using other approaches
(e.g. purely statistical or both a hybrid of statistical and rule-based), and compare the results
obtained with that of the approach followed in this thesis.

4. Designing and developing an optical character recognizer which can convert scanned Ge‘ez scripts
to editable formats and then applying the full-fledged morphological analyzer on such broad-
coverage and natural Ge“ez texts.

5. Launching big project to develop an efficient full-fledged automatic morphological analyzer for

Ge“ez language which works for all POS categories.

6. Designing POS tagger, sentence grammar checker and other components of NLP and finally

implementing a full-fledged NLP system for Ge“ez language by forming a team of experts from

different domain (mainly linguists and computer scientists) for its achievement.

Page | 89



REFERENCES
Akmajian A., Demers R.A, Farmer A.K & Harnish R.M. 2003. An Introduction to Language and

Communication, 4th Edition. Printice Hall of India: New Delhi.

Allen, J. 1996. Natural LanguageUnderstanding. 2nd Ed. California: Redwood, Benjamin/Cummings
Publishing Company, Inc.
Antworth, E.L. 1991. Introduction to Two-Level Phonology Linguistics. Available at

http://www.sil.org/pckimmo/two_level phon.html.

Bender, M. L. 1976. Language in Ethiopia, pages 1-5 and 26. Oxford University Press, London.

Dillmann, August, Carl Bezold (ed.). 1899. Ethiopic Grammar. London: Amsterdam Hilo Press.
E. A. Wallis. 1928. A History of Ethiopia: Nubia and Abyssinia. Oosterhout, the Netherlands:
Anthropological Publications.

Gazdar, G. (1996). Paradigm Merger in Natural Language Processing. Computing Tomorrow: Future
research Directions in Computer Science. Edited by lan Ward and Robin Milner. Cambridge:
NY. PP 88-109.

Grishman, R. 1984. Natural Language Processing. JASIS 35(5):291-296.

Hockenmaier, J. 2008. What is Natural Language Processing.

Jurasfsky D. & Martine J. H. 2006.Speech and Language Processing. An introduction to speech

recognition, natural language processing, and computational linguistics.

Karttunen, L. 1983. Constructing Lexical Transducers.In the Proceedings of 15th International

Conference of Computational Linguistics. COLING-94 pp. 406
Katamba, F. 1993. Morphology. London: Macmillan.

Kazakov, Dimater & Manandhar, Suresh. 2000. Unsupervised Learning for Word Segmentation Rules
with Genetic Algorithms and Inductive Logic Programming. Available at

http://citeseer.nj.nec.com/kuzakovOOunsupervised.html.

Koskenniemi, Kimmo. 1983. Two-Level Morphology: A general Computational Model for Word-form
recognition and production. Publication 11, University of Helsinki, Department of General

Linguistics, Helsinki.

Page | 90


http://www.sil.org/pckimmo/two_level_phon.html.

Lambdin, Thomas O. 1978. Introduction to Classical Ethiopic (Ge’ez). Michigan: Edwards
Brothers,Inc.

Leslau, Wolf. 1987. Comparative Dictionary of Ge’ez (Classical Ethiopic). Wiesbaden: Harrassowitz.

Liddy, E.D. 2001.Natural Language Processing.In Encyclopedia of Library and Information Science,
2nd Ed. NY. Marcel Decker, Inc.

Ludolf, Hiob. 1699. Lexicon Aethiopico-Latinum. (ed.). By .M. Wansleben, Second Eduition, Frunkfurti
ad Moenum.

Madnani, N. 2009.Getting Started on Natural Language Processing with Python.

Mao, Y. .1997. "Natural Language Processing Module (Part of Speech Tagging and Sentence Parsing)
Laboratory Manual” Available at http://www.csic.cornell.edu/201/natural language/.

McCarthy, J. 1979. Formal Problems in Semitic Phonology and Morphology, doctoral dissertation, MIT
(distributed by IULC; republished New York: Garland, 1982b).

McCarthy, J. 1981. , A Prosodic Theory of Nonconcatenative Morphology®, LI, 12, pp.373-418

McCarthy, J. 1981. A Prosodic Theory of Non Concatenative Morphology.Linguistic Inquiry. Vol. 12
(3),373-417.

Muluken Andualem. 2007. Geez Verb Classification in the Three Tradition Schools of Qe“ne, AThesis
Submitted to Graduate Studies of Addis Ababa University in Partial Fulfillment of the Degree
of Masters of Science in Information Science.

Pullman, s.; Russel, G.; Ritchie, G. and Black, A. 1988.Computational Morphology of English.

Linguistic 26, 545 — 560.

Saba Amsalu and Girma A. Demeke. 2006. Non-concatinative Finite-State Morphotactics of Amharic
Simple Verbs. ELRC Working Papers Vol. 2; number 3
Sapir, E.1921. Language. New York: Harcourt, Brace & World.

Trost, H. 2000. Computational Morphology.Available at http://www.univie.ac.at/~harald/handbook.html.

Uibo, H. 2001. On Using the Two-Level Model as the Basis of Morphological Analysis and Synthesis

of Estonian. Available at http://www.ut.ee.html.

Wintner S., Yona, S. 2005. 4 finite-state morphological grammar of Hebrew. University of Haifa, Israel.

Page | 91


http://www.csic.cornell.edu/201/natural_language/
http://www.univie.ac.at/~harald/handbook.html
http://www.ut.ee.html./

Yona, S. 2004. A finite-state based morphological analyzer for Hebrew. Thesis Submitted In Partial
Fulfillment Of The Requirements for the Master Degree Computer Science. University of
Haifa, Israel.

A0 aARNT 19867 A TPA.C ACTLN0 TPV LANCAT L7 36nT A2NANNT 721k 10170
CCRl

LY LAY (av9°0C)T 19987 HAMT WAN 3C AP A (handout) A0 4.9 @4 TAT -9°UC 775

NAL aon=77 29 (AP 14-27)7 20027 hPa- AVl QAH-KTICE av Wl PATT ASORNO0T 798 T)-19° ¢
LRl

R.oCP oL, (hAP)T 19887 U1 PG 1T APO@: TAH ORTICTT A4.0 ANOT 17771, T10T97.0
LC Pl

057 oA L DA (A0P)T 19487 avZhé. APOH@ @20 @AW PAT Hh20T ALOKRNNT ACEOTR “119°¢
(1 oF

HCASRT AL hG (aP9°VC)T 19967 oo APON®- HAYIT FANT R2NANNT ACTTT AA9° T390 CC ot
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Appendix I

The Ge’ez Alphabet /fidiil/ Set [Zaradawit, 1996]

NO 1St 2nd 3rd 4th 5th 6th 7th 15t 2nd 3rd 4th 5th 6th 7th
Order | Order | Order | Order | Order | Order | Order Order | Order | Order | Order | Order | Order | Order
1. v v v ] Y v v 20.
1 - 2 2 2 a2 1
2. A a A a o A o 21
m m- m, a . +r m
3. h - h, h dv ch h 22.
A 2 A ) % % 2
4. 23.
v ao- ay, ] ay, gv i A A A R 3 & 2
5. 24.
w w Y, ] v, Vi I 0 0- 9. 9 2 [} b
6. 25.
l % é [ bl C «© 4. 4« 4 4- b, (%
7. 26.
1] 0 [ 0, 0 T T T T T T 7
8. 27.
T+ 4 + > ¢ P +$ Tl w - B, .
9. 28.
n r 0 q 0 A n € P P~ @
10. 29.
1 1z 1 - - I A T s T 3
11. 30.
1 ¥ "1, B L q < o e I~ 3 -1
12.
] b % S % 7 ¢
13.
A h h. A h A A
14.
n 13 n, ] n n h
15.
o [0} ? P - bd
16.
0 0 9. 9 9, o ?
17.
11 1 I, Il i H L
18.
? £ £. £ ﬂ 2 f
19.
L S 5, 5 2, & 2
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A. Perfective Verbs [$4712 A71PX]

APPENDIX IT

The possible Number of Inflected forms obtained from the troop verb é®L/fiqiidi/

i Perfective Base-Stem Verb Forms - 4.4 £

A total of 98 inflected verb forms are obtained

B Object
= | Main i
= To Me To Us To You To You To You /2psf/ To You /2ppf/ To Him To Them To Her To Them /3ppf/
3 verb /2psm/ 2ppm/ /3ppm/
I 4P L - - 4P Lrh . £h-nav- 4. L, S P L7 b NP b LnLav- b LnP P LnNPy
We | 4P - - 4T 4. L5 nov- 4. LGN, b PLTNT b P LGV 4.4 LT hav- 4P LY L.PLGUT
/b L5/ /6P LG av+/ /6. PG/ /6. PLGY/
you | 4.Lh s L, PR S vl - - - - éb L é.PLhav- P 'l 4P Ly
Jé L/ | JébLhwao/ | Je LY/ /b b L/
you | éd&have | &bChay | g ghavy - - - - &b Lhe P 4. & g° P av- b LnIee bP NI Py
you | é.¢€h, 4L PR & 1)) - - - - 4L g b L p o0 bPLhe bb Ly
you | é.PLn7 4PLNGTL | 4. PLNTY - - - - 4P LTV | bPLATP - 4P LT 4P LNTUT
He | 4.+ IX I3 IR I3 4.PLN 4.+ L&nav- 4L, 4PN bt & 4. Lav- 4.5 4 P&}
They | 4.8 4.8, IX &N 450 4.4 5. nov- 48, 4807 bbL&? b.p L Pav- PP b PPy
She | é.¢L-1 IR ) IR X ] 4L 4. & Thov- 4P Lo, PR I bb LA 4. P L-A-av- X SN b PRAT
They | 4.4 X2y X LY 480 4.+ S hov- PR 23} 487 é K- 4. P{pov- 4. P87 4 PSUT
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ii Perfective Causative-stem Verb Forms -A% P £

A total of 98 inflected verb forms are obtained

- Object
S
S | Main [ ToMe To Us To You To You To You | To You/2ppf/ | To Him To Them To Her To Them
A verb /2psm/ 2ppm/ 2psf/ /3ppm/ /3ppf/
I AGPLh - ARP LD | ARP LR | AP LSRN, | ARP LT AP L | hadlhPoo | KPP | AGiP Lhoy
We | A P ey - - AGPLSh | AGPEGhoo- | AGPesh, | AGPesh? AGP LS/ | Aed L5 av- AR LG AP 57
AGPLTY | [AGRPLTPo | [AGP L] | AP LTUPT
you | AGPLh | A®Pehi | AePLhy - - - - AGdLh AGd L pav- AGdLh AGd &y
/RGP LY/ | [ AGP Ly oo/ /h&P LY/ AeP ey
you | a®bLhov- | hedrheod | hedehasy - - - - AGPLNovy | AGP engP® | AEPLhP | AGd LhIC 2T
you | heeh, AGP LNy, AP LRy - - - - AGP e | ARPehfooe | AGPLne | hqip NP7
you hed N AGP LN, hed NGy _ - - - AGPLNTY AGP LG Poo- hG P LngY ?\ﬁitl’.(‘.‘hqlf"7
He | h@d L hEPRYL AGTLT | AGPLRN | A%PLho | hGP LN, | AGPLNT he P h% P Lav- hePs hrP 7
They | AGibS. | A%PSL | RGP ST | AGPSD | AEPShe | AP SD, | AGP ST AGPLP | RGP LPao- | WGP P | hGP L Py
She | AGP LT | AGPRTL | AGPRTT | AGPLTH | AGPRTHO | AGPLHN, | AGPLTNT | AGPEE | AP LT | AGPRD | hGPRAT
They | AGi S ARPST | AGPST | AGPSh | AePSho | AeP SN, | ATPST7T AFPASY) | AGPSPov | AePRY | hWePAUT

Page | 95




iii Perfective Causative-reciprocal stem Verb Forms -A0-1"4-4 £

A total of 98 inflected verb forms are obtained

[ ]
= Object
Q
"
X Main To Me To Us To You To You To You To You To Him To Them To Her To Them
A /2psm/ /2ppm/ 12pst/ 12ppf/ /3ppm/ /3ppf/
Verb
I ANT4P L0 - - A0t Lrh A0-T4. L h-haov- A0t4- Lhh, Aft4PLnhnz Ald b ehe Arldd L pav- A0l LnP AOté-P Choy
We AN Ly - - ANT4PL5h ANTGPLThoe | KO14be6h, ANT4P ey | Adtddb sy Al4b &G Pav- ANTG &5 ANT 4P LGP
[hnld £ JAO TP L Gove | [A0TEP LG A TSP L7
you AN4Pen | Aotddehn AlH4PLny - - htl4Lh A4 Lhaov- htrl4Lh ANTG P ey
[AOTERENS | g epany | AOESEENI] g ey
you Alvl4-4 L ov- Alvl4 L ooy, All4- L ooy - - AOt§P ehge e A G Lnge wav. A4 e h9eP RO G Longoos
you A0l4. L, ANt 4P L, A4t LNy - - A4 e ANl éd oo | Antddehe A4 eh e
you | Adtddent | AMTEhe AN NG - - ANTEPLNGY | A4 LRGP ANT4P NGt AN G Chsws
He Al T4 L AN T4P LY AN T4PRY A4 Lh Al 4. Lhoo- AQ-T4.+Lh, 4PN AOt4d hO-t4d Lavo- ANT48 AOtGP 7
They | AfT4dbs. | h0tdds AE4b sy | A0teSh | Adk4Shov | AdtdSh, A4 sy AT | ANTgdLPoo | ARTEPLP ANTGP 2%
She | AdT4+ Lt | AdlddLlr A0 TGPy | At erh A0l 4 Lelhov- AOT4P L0, LKUER I ¥ LB RIS HN T4 &o1-ao- LU AN TSP LA47
They | Adt4bs | Adtddss | Adkddsy A4 Sh AtT4bshov | Al Sh, A48y ANTEPsus | AntgeSro | R4 8T | AdT4-PSIPT
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iv Perfective Reflexive-stem Verb Forms --1"4.P £

This can have only intransitive surface forms obtained while declaring them using the ten pronouns. A total of ten pronouns are

obtained from such type of declaration.

Pronoun Reflexive verb
I +é.P L
We 14.P L%
You /2psm/ ‘Hé.PLn
You Z2ppm/ 4. L nov-
You /2psf/ 14 LN,
You Z2ppf/ Té. P Ly
He 4. L
They /3ppm/ 14.P 5
She T4.P LT
They /3ppf/ T4.44

v Perfective Reciprocal-stem Verb Forms 44 £
e A total of ten pronouns are obtained

Pronoun Reciprocal verb
[ 4P L
We T4 P LYy
You /2psm/ T4.PLn
You 2ppm/ 4. L ovo-
You 22psf/ 4P Lh,
You Z2ppf/ 4P L7
He T4 L
They /3ppm/ T4+ 4
She T4-P LT
They /3ppf/ T4P 4
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B. Indicative Verbs[hAAg 4744

i) Indicative Base-Stem Verb Forms - £ 4. £

e A total of 98 inflected verb forms are obtained

- Object
\% Main To Me To Us To You To You To You To You /2ppf/ | To Him To Them To Her To Them
& | Verb J2psm/ | 12ppm/ /2psf/ /3ppmy/ /3ppf!

I | Adde - - Ad.beh AdbLhov- | RLPLh, hé. LN hé.ba h4.p L.av- hé. b4 hé. P27
We | 7.9 - - 78. k0 | 74gho | 7220, 74.PLN7 742 74.% L.0v- 74.%5 7427
you | T4k L | FEPLL | TEPLY - - - - TePL/1 | T PROO) | TEP4/T | TEPRT

s/ | L pSPov | LP8Y | [T/

you | T4.¥8. | TEb8 | TEPST - - - - PP | FLPLPa- | TLPEP | TLPLPT
you | +4.¥%4 | TP | TLPLY - - - - TLPLP | FLPLrav | TLPLP | TEPLed
you | T4.¥84 | eS8 | TS - - - - TEPSU | FLPSPor- | TLP8Y | TEAAUE
He | L4+ | L4&PRYL | L&PRT | L4PRN | £&PRA0™ | 22PN, Ld.rLeny Lo L£.4.% Lav- LéPs LoPL7
They | £4.98. | L&PSL | L&LPST | LEPSD | £4PShov | £L.P8N, L4.+5.07 LALPLP | AP LR | LLPEP | LALPLPT
She | 148 | F4PRL | TEPLY | TéPLh | TéddRho- | FLPLD, Taben T4.p 2 4. £.av- T4.94 T4 P77
They | £4.P4 | LA&PSL | LLPSYT | LLPSH | LAPShO- | LLPSH, LL.PSN7 LLPRY | LLPAPOO- | LLPSY | LLPSUT

Page | 98




i) IndicativeCausative-Stem Verb Forms - £4.¢ £

A total of 98 inflected verb forms are obtained

Object
b

S | Main
=N To Me To Us To You To You To You To You /2ppf/ | To Him To Them To Her To Them
§ Verb Jpsm/ | 12ppm/ /2psf/ /3ppm/ /3ppf/

I | héde - - hé.PLh hébenov- | hé.peh, hé.Peny hé. P& hé.P L.ov- hé. P4 hé. PRy
We | g8 - - Ge.PLh Gédgher | GLpeh, GLreny Gl G d.PL.ov- GLPs GLP LY
you | J4.bC | JAPRY | 4Ly - - - - FebLfD | FLpLov] | FLPS] | ELPLF

RV | K Pave) | 3 L8 | DS/

you | 348 | 348 | JE PG - - - - PP | FEPLPav- | FLPLEP | FLPLPT
you | J4.b8, | AP | JAPL - - - - FLPLC | JLPLP0v | JLPLP | JLPLOT
you | 344 | JAP4L | JEPSY - - - - FEP/Y | FAPKWPov- | FLPSY | FLPAP
He | e4.d¢: LLPLY | LLPLY | PLPLN Lopenov. | PLPLAN, eeLreny (X F2 £4.p Lav- LLP8 CLPRY
They | 2.8 PLP8T | PLPSY | £LPSN PLrsnoo- | CLPSN, PLP807 LCLLPED | PLPLPav- | PLILCP | PLIL P
She | J-4.¥L | J4¥LY | J4PRY | Jdbh | JLdghov | JLPLA, JL.PLny Jd P2 J4.b L.av- J 414 JLPLT
They | ¢2p8 PLP8Y | PLPRY | LébSh Liipsnoo. | CLPSN, eLrany LLP/Y | LLP/POv- | CLPSY LL PSP
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iii) IndicativeCausative-reciprocal stem Verb Forms - £0-1"4-P £

A total of 98 inflected verb forms are obtained

- Object
\% Main To Me To Us To You To You To You To You /2ppf/ | To Him To Them To Her To Them
& | Verb Jpsm/ | 12ppm/ /2psf/ /3ppm/ /3ppf/

I | antéde - - anl4-Peh | Antéddehoo | ha-4-Peh, Aht4-F ey Até-d2 | AotéFLove | WOT4F8 | AOT4P 7T
We | S04 - - So-t4.deh | SolgdLho | GAT4.P N, To-ld-Peny TP L | FOTgPRo | SOTGPS | TOTRPRT
you | #hréde J014-bLy | J01d-pey - - - - J0ldb L) | J0rl-ddLove/ J04P 8/ P U R YA

POTEPEY | FOEEPETO | FOTEREY | a4 b SP)

you PR YRETN P YRR TR PR RN - - - - PRI 2014 £ Pav- OGP P | S0lGP P
you | Atédsi | rargaey | Aatdden N - - - FOtGP e | Obdb oo | TPl | Qb 0y
you | b4 | F0cbdd Sy | S0ebdd sy - - - - J04P S0 | J0-l4Pp S Poo- PR Y F0H4-PSUT
He | eotdde | eorddes | earddey | en-t4.d&h | eolddLhoe | eq-i4.4 L0, el eny eardde | eatgPLa- | eO14PS | eOTEPRT
They | eat4.+8 | eat4ds | eat4ddsy | eatddsh | eatdPshoo- | eq-14.98.h, UL R 17 et | eatgP Lo | eOTEPLP | A4 PP
She | #0téde | Job4PLL | J0b4PLy | Jocb4Ph | F0tddkLhoe J0-t4-Peh, 0t eny F0téPL | JOtdPLoo- | J0H4PS | J0HEPRT
They | ead4.#% | eat4Pss | ent4P87 | ea-t4PSh | eatddshoo- | en-+4.pSh, LOT4P S0 LO14PSY | CO-T4-P S Pov- enrdpsy | en4PsUy
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iv) IndicativeReflexive-stem Verb Forms - &-1-4.4 &
A total of 10 inflected verb forms are obtained

v) IndicativeReciprocal-stem Verb Forms - £-14-P £
A total of 10 inflected verb forms are obtained

Pronoun Reflexive verb
I AP L:
We 7P L
You /2psm/ TP L
You /2ppm/ R
You 2psf/ 4. P4
You Z2ppf/ T 4.4
He Lol P L
They /3ppm/ L. P 8-
She T rd b L
They /3ppf/ L4 Ph
Pronoun Reciprocal verb
I gL
We AR RS
You /2psm/ T4 P L
You 2ppm/ T 14 -
You 2psf/ Tt 4P,
You Z2ppf/ T 14+ 5
He L4 L
They /3ppm/ L4 8
She T4 L
They /3ppf/ Lo4Ps
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C. Subjunctive Verbs [“IA“12 h7P&

i) Subjunctive Base-stem Verb Forms - L%+ £
A total of 10 inflected verb forms are obtained

Object

I3

% Main | ToMe | ToUs | ToYou | ToYou | To You/2pst/ | To You/2ppf/ | ToHim | To Them | To Her To Them

S verb /2psm/ 2ppm/ /3ppm/ /3ppf/
)
I AP L - - AGPLh | AP L hov | WGP Loh, AGP LT AGPL AGP Lav- AP S AGPLT
We | 79 & - - 79P L0 | 798P L hove | 74P LD, 74P 76 2 76 Lov- 744 74P L7
you | g aPLy, apLy - - - - 9P L q:p L.ov- P8 P Ly

/9P8Y/ | /EPEPOv) | JeP8Y/ | JePSPI/

you | 8. 4P 8.y P8y - - - - P C» q:P € P gv- P eP GPp LDy
you | 49, 4P Ly, P ey - - - - 4P 4.0 4. 4.¢-av- P L e 4P L0
you | 8 P97, P Sy - - - - P Sy- 4P pav- P9y SPSP7
He | £4¢¢ | L4PLy | LoPLY | L&PLh | eqPpLhoo- | LqPeh, LEPLnT LaPL L4 Laov- LaPs LGP LT
They | 06:38. | 4387 | L8y | £4P%h | eqP8.hov- | L4380, LEPsN7 LEPLP | LEPLPav- | LETEP | LETLPT
She | 1P | 1aPLY | TPLY | TePCh | IqPLhov- | TGP Lh, T4 &Ny T4 2 42 Lav- T4 4 TGP L7
They | 6134 | L4157 | L4PSY | L4PSh | LPShov- | L4 P S5D, LT LEPSY | LEP{Po | LGPSY LEP{PT
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ii) Subjunctive Causative-stem Verb Forms - £ £
A total of 94 inflected verb forms are obtained

" Object

\Qv% Main | ToMe To Us To You To You To You /2psf/ | To You /2ppf/ | To Him To Them To Her To Them
S verb /2psm/ 2ppm/ /3ppm/ /3ppf/
I ATPL 77 - - ARPLD | AGP Lo | RGP LD, ARP LT ARPL AGP Lav- AGTS AGP L7
We | §G¢8 - - TEPLh | TEPLho | TaP L, TPy TEPL 5 G Lav- TEPS TEPRT
you | AGPL | hA®PLL | h&PLY - - - - hGP L h@ L.ov- AGPS AGPL7

[hGPRY/ | [REPECO/ | g3 8Y) | [hGPSPT/

you | A%PSG. | AGPGL | AGPSY - - - - ARPLP | hEP LR | hGPLP | AGPLPT
you | AGPEL | AGPLL | ARPLY - - - - AGPLE | AGPLL00 | RGPLP | RGP LT
you | AGdS AGPST | hFPSY - - - - AGPSY) | AGPSPO | AEPSY AGPSU7
He | eqde | PadLy | PaPLY | Pabeh | PPV | PGP LN, LEP LT PP L £aP Lav- LIS PEPL7
They | ¢06:p 8. | PGPS | P8y | PePs.h | PEPSNov- | £GP SN, PLEP ST PEPLP | PERPLPav- | PGPEP | PRPLDT
She | & | JaPLY | I¢PLY | JaPeh | JePLhoo- | 3aPLh, PERISY JadL | JePLov- | JqPS PR
They | eq:b8 | PGS | P4PST | P&PSh | eePShov- | PaPSh, LaPSNT LGPV | LEPS{Por- | PEPSY | PRPAUPT
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iii) SubjunctiveCausative-Reciprocal stem Verb Forms- £0-1-4-¢ £
A total of 94 inflected verb forms are obtained

Object

"3 ]

Q Main

) Verb To Me To Us To You To You To You To You /2ppf/ | To Him To Them To Her To Them
A /2psm/ 2ppm/ 2pst/ /3ppm/ /3ppf/

I ANF4P e - - ANk4-Peh Atk4-PLhav- | Ad-t4-Peh, ANT4-PLNT ANT4-P 2 AN-14-3 L.av- ANT4-P5 ANF§P LT
We | sntéde - - [TERETIN Sorgdehov- | G0-l4-PLh, SOT4PLNT [FERETD 5014 Lav- [ ERE] eI
you | Ant4re | Adb4bLy | Antddey - - - - ANFGPL/ | A0t4PLav/h | ADTEPS/h | A0TEPET

ANF4PS0- | OF4PSLPav- 0-t4- 57/ LB R XY g7

you | AN-t4PS. | Adt4dsy | A0T4sy - - - - ANterep | AQHEPLPov- | AQHEPEP | ANTEP LD
you | Ant4ds | ANTEPLL | A0T4Pey - - - - A4 L | AE4P Lo | RGP Le | ANFEP T
you | Ant4P8 | Adb4bSy | ANtePSy - - - - ANT4PS0- | Ad-té-PSpar- F0t4P8Y | FatdPLaUT
He | ent42e | ent4dey | eotb4ddLr | eal4Peh ea-t4Lhav- | eat4.peh, a4 LN eatgP e L4 Lav- L0t4P 4 PeOrbGPLy
They | eat4.48. | eat4ds | eatddsy | eatddsh | entdPshoo- | eatddah, o480 et L2 | eatgp oo | eAT4PLP | COT4P LT
She | #0téde | pab4dLy | F0b4PLY | J0tébLh | F0rddlhov Jrl4-P &, Jorkdpeny k4P L S04 £av- J0rl4p 4 DGRy
They | eatr4d84 | eatrédss | eatddsy | earsPsh ea-t4.8hav- | ea-t4.pSh, YR ETTY o440 | a4 Lo L1438 L0146 507
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iv) SubjunctiveReflexive-stem Verb Forms- £ -14.4 £
o A total of 10 inflected verb forms are obtained

Pronoun Reflexive verb

I Alé P

We AR ES
You 2psm/ Té. P L
You Z2ppm/ 14.P 5
You 2psf/ 14.P 4.
You Z2ppf/ 14.P5

He Lé L

They /3ppm/ L. P 8-

She T d.b L
They /3ppf/ Lolé.P5

v) SubjunctiveReciprocal-stem Verb Forms- &4 £
e A total of 10 inflected verb forms are obtained

Pronoun Reciprocal verb

I AP L

We AR RS
You /2psm/ T4 P L
You 2ppm/ R
You 2psf/ 144 Y,
You 2ppf/ T4 5

He LolaP L

They /3ppm/ L4 s

She T4 L
They /3ppf/ Lo4Ps
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D. Jussive Verbs[H7£ A744]

i) Jussive Base-stem Verb Forms - £ 6 £:5°

A total of 94 inflected verb forms are obtained

. Object

Q‘% Main To Me To Us To You To You To You /2psf/ | To You /2ppf/ | To Him To Them To Her To Them

(§ verb /2psm/ 2ppm/ /3ppm/ /3ppf/

I ARPL - - ARPLN | AP | AP LD, AP LT AGPL A4 L.av- A%P4 AGPLT

We | 3G - - 9P eh | TP Lhooe | 7ed Lh, RPN T8RP L 762 L.ov- T8RP S TRPLT

you | 747 T5Pey | ePes Z N - - T GPE 7GR 6P T GPLRD
[FEPES | SPEPESY | SIEPEY | g

you | 7-4:.4. 1 PLs | AGPGS - - - - TGP | TEPLLPo | JGEPEP | T GPCPT

you | 7g#4 TGPy | A EPLy - - - - TGPLl | TEPLIo | JRELP | TEPCrT

you | 754 T EPLs | TEPEs - - - - TEPGY | T EPGPo | TGPPGS | TEPLP?

He | eq:de | eaPy | LaPLY | £5P&h | eaPLhov- | LaPeh, LaPLeny LEPL LGP Lav- LaPs LEPLT

™Y | 243G | LFPSL | LEPST | £FPSD | LGPShev- | LGP0, LEPSN7 LEPLD | LEPLPav. | LEPLP | LRPLPT

She | Jhqup e | bRy | FEPLY | TEPLh | bGP Lhove | P Lh, TP Ny TP L T4 L.av- T4P4 TP L7

™y | eqPs | LePSL | LEPSYT | LEPSh | LRPShov- | LGPSD, LaPLny LaPlY- | LGPPSO | LGPSY | LEPSPT

66Most of the surface forms obtained as the result of the declaration under this category are the same as that of the subjunctive verb forms. Only thirty two of the totals have
different morphology. Nevertheless, they are used differently from the subjunctive forms both syntactically and semantically. Usually, they are used to reason out why something
is needed to be or supposed to be. They often tend to answer the question ,fo be what?*in the context they are used.
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ii) Jussive Causative-stem Verb Forms - £4:¢ ¢
A total of 94 inflected verb forms are obtained

s Object

Q‘% Main To Me To Us To You To You To You /2psf/ | To You /2ppf/ | To Him To Them To Her To Them

(§ verb /2psm/ 2ppm/ /3ppm/ /3ppf/

I | awde?? - - AP LN | ATPLhov. | AGPLh, ARP LT ARPL A%P Lov- ARPS ARPLT

We | ¢ - - TEPLh | TRPLhov | TP L, TEPLnT TP L 5 qP Lav- TP s TRPLT

you | Sl | S Py | S GPLs - - - - I GPLR G Lo G Pg S GPLT
JAGPG0) | GGy | JIEPEY | [P

you | Jg:ph. | JEPLL | SEPGs - - - - AGPCP | JEPLLPov | JEPLP | S GEPLPT

you | S g | SgPLy | SR - - - - AGPLr | FEPLPov | S GPEN | ST

you | gk | JuPGy | SwPLT - - - - FEPGY | S EPSPor | SEPGY | S EPLPT

He | eqpe: PaPRY | PaPLY | Padeh | PP Lhove | PGP LD, P eny e L £GP Lov- 4P 4 PRy

ey | eqpS. | PEPST | PRPSS | PePsh | PEPS.hov- | PP S, PLEP ST PEPLD | PGP Pav- | PGPEP | PRPLDT

She | Jqip e | JaPRY | FEPLY | Jadeh | JePLhov- | JapLh, JaPeny JaPL | JepLov- FaPs FePLT

™ey | eqbS | eePSL | LePST | fePSh | fePShov- | eqPSh, LaPSNT LEP8/Y | PEPSPa0- | PEPSY | PEPAUPT
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iii)  Jussive Causative-Reciprocal stem Verb Forms - £0-1"4-¢ £
e A total 0f 94 inflected verb forms are obtained
5 Object
) Main
C\; Verb To Me To Us To You To You To You To You /2ppf/ | To Him To Them To Her To Them
%) /2psm/ 2ppm/ 2pst/ /3ppm/ /3ppf/
i ANT4P £ - - h0t4dLh h0t4Phov | hnd-4-2 L0, A0-T4P LNy ANT4P R AQ-14- f.av- ANT4P 8 ANT4P R
We | snréde: - - T4 Lh To-t4hov- | GaT4dLh, SOty TOT4P L G143 Lav- SO14-P8 SO 4277
you EXYERTS FOT4PLYL | J0T4PLYy - - - - PR TN J0-6P Lav-/ P ER T XY P
F0r4P80- | FobddLsPoo- | F0b4P8YY | /040
you P ERETN P YRR TR PR RN - - B - PRI J0-4-P L Pav- FOT4P P | F0H4PLePd
you | A0teds JOTGP ey | F0rerey - - - - DOFGP e | S0P oo | 0GPl | 014 LT
you | 201438 | J0r4Pan | S48y - - - - J04P S0 | o rddSPees | Dardd S | D04 s
He | eol4de | eatédLy | eal4PLy | enl4PLh eo-k4-bLhov- | en-k4-dLh, eot4p LNy [TERE T L0-F4. Laov- e LO4P L7
They | en148 | ea14rss | earérss | eorddsh | eol-4d8hoo- | en-4.4850, L0140y Or4r ey | et epa | ear4d P | LOI4P P
She | Fotére | Ja4dLy | Jor4PLy | Jorddeh | Forddghoe- S04 eh, Jo§pLeny ERERE T J0-t4p Lov- E R NIRRT
They | en14-95% | ea1428% | ent4dsy | ea4dsh L0144 Shao. | 04150, L LY, ear4rsye | earéd Lo R LA I
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iv) Jussive Reflexive-stem Verb Forms - &-1-4.4 £
A total of 10 inflected verb forms are obtained

v) Jussive Reciprocal-stem Verb Forms- -4 £
A total of 10 inflected verb forms are obtained

Pronoun Reflexive Verb
I Ald. b
We 7P L
You /2psm/ TP L
You /2ppm/ o d. b -
You 2psf/ 4. P
You Z2ppf/ 4. P4
He Lolé. b L
They /3ppm/ L. P 8-
She T rd. b L
They /3ppf/ L4 Ph
Pronoun Reciprocal verb
I AP L
We AR LS
You 2psm/ T4 L
You /2ppm/ T 14 9-
You 2psf/ T 4PY.
You Z2ppf/ T 14+ 5
He LoldP L
They /3ppm/ L4 8-
She 4P L
They /3ppf/ L4Ps
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E. GerundiveVerbs[0H A7¢47]

i) GerundiveBase-stem Verb Forms-4.4 %

o A total of 10 inflected verb forms are obtained

Pronoun Base-stem verb
I b.4LF
We 4.
You /2psm/ é.kLh
You /2ppm/ 4.+ Lnav-
You /2psf/ é.tLh,
You 2ppf/ st
He bt &
They /3ppm/ 4.4 L.ov-
She é.44
They /3ppf/ (X AaYi

ii) GerundiveCausative-stem Verb Forms-A4 &2
e A total of 10 inflected verb forms are obtained

Pronoun Causative-stem verb
I he P L
We he P Ly
You /2psm/ h&ELn
You 2ppm/ h& ¢ Lhav-
You 2psf/ hedLh,
You 2ppf/ hAEELnN7
He R
They /3ppm/ LGP Lav-
She RS
They /3ppf/ hAGRET
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iii) GerundiveCausative-Reciprocal stem Verb Forms-AN-14-2

iv) GerundiveReflexive-stem Verb Forms--14.4 4
A total of 10 inflected verb forms are obtained

A total of 10 inflected verb forms are obtained

Pronoun Causative-Reciprocal verb
I A4 4P
We AN TH4-¢LY
You /2psm/ hAn-4-¢Ln
You 2ppm/ hn-14-¢ L naovo-
You /2pst/ An-T4-¢Lh,
You /2ppf/ ant4tLen7
He ANT4b &
They /3ppm/ hAN-t4-P Lov-
She ANt4E4
They /3ppf/ ANt GP277

Pronoun Reflexive-stem verb
| T4.bLF
We T4 bR
You /2psm/ Té.¢Lh
You /2ppm/ +é.4 L hov-
You 2psf/ ‘+é.¢Lh,
You Z2ppf/ T4 b7
He Té. b4
They /3ppm/ Té.¢ L& av-
She 14.44
They /3ppf/ Té. 47
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v) GerundiveReciprocal-stem Verb Forms--1-4-$2
e A total of 10 inflected verb forms are obtained

F.InfinitiveVerbs [ACAQT A742

Pronoun Reciprocal verb
I 4¢P
We T4bLY
You /2psm/ T4dLh
You /2ppm/ 4.+ Lhav-
You /2psf/ T4-¢L0,
You /2ppf/ T4 b Ln7
He T4h&
They /3ppm/ 4~ Lav-
She 45
They /3ppf/ T4 b7

Inflected infinitive verbs are two types: (a) 4., AGPL, AN-T4P L, Fé.P& and -14-P&; (b) see the following table

Infinitive Infinitive stems with SMS marker

stems with

out SMS | We You You /2ppm/ You /2psf/ You /2ppf/ He They /3ppm/ She They /3ppf/

/2psm/

b2 bBEAC | LbETT | bb&TR | k& TRO | Lb LT, LT bb Lt b b & f-ov- Lbe- b o7
AL ASTETE | AP LT | WGP LN | AGT AT | hGP LN, | AGPEINT | AGPEE | AGPEFa | WGP LI AGPEAT
AD TG 2T ANTEPLAC | ANTGPLTT | ARTEPLTR | ANTPEPLTRe | hA4P LN | ANTEPRTRT | AOFEGP AR | A0ESP L0 | RAAT4P L) | A0l P et
Té. P&t TLPLAC | ALY | TAPEAN | HEPETNO | AP RN, | APETNT | AP B 4. P 2og-0v- e P L L. b LAY
T4 Ll T4-PLAP | T4PEAT | T4PLTR | T4PRTRO: | FEPLAN, | 4P E&TRT | PR 4P L-f-0v- AGp L. PR YT
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Appendix II1

Pseudo-code of some of the algorithms explained in chapter four

A. An algorithm that detaches the SMS and OMS of Perfective and Imperative Verbs

Input: perfective verb

Output: lexeme, SMS, subject, subPNG, OMS, object and objPNG SMS
ObjectFeaturesArray: which contains the OMS, Object and 0bjPNG of the verb
SubjectFeaturesArray: which contains the SMS, subject and subPNG of the verb

For (j=4; j>=1, j--)
Detach the last j characters from the verb as object marker feature
Check if the feature exists in the ObjMarkersTable
If exists
Remove the object marker feature from the perfective verb
For (i=4;i>=1,i--)
Detach the last i characters from the verb as subject marker feature
Check if this feature exists in the SubMarkersTable
If exists
store the feature as SMS
find the subject indicated by the SMS and its subPNG from SubMarkersTable
remove the subject marker feature from the perfective verb

insert the SMS, subject and subPNG to the SubjectFeatursArray
break

end if
end for
If the verb has subject maker feature as SMS
Store the object maker feature as OMS
find the object indicated by the OMS and its objPNG from ObjMarkersTable
insert the OMS, object and objPNG to the ObjectFeatursArray
Else // means if the verb doesn’t have a subject marker suffix
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Store the object marker feature as SMS
find the subject indicated by the SMS and its subPNG from SubMarkersTable
insert the SMS, subject and subPNG to the SubjectFeatursArray
break
end if
end for
Call function makeLexeme (verb fragment) to get the lexeme // the perfective verb with its
// SMS and OMS detached

return lexeme, SubjectFeatursArray and ObjectFeaturesArray

B.An Algorithm that makes the lexeme of the verb

Input: verb fragment found after all affixes detached

Output: the lexeme of the verb

lexeme: contains the lexeme of the verb fragment to be returned
verbCharactersArray: contains the characters of the passed verb part

makeLexeme(verb fragment)
Begin
insert all the characters of the verb fragment to verbCharactersArray

;;;;;;;;;;;

if the length of verbCharactersArray is less than six
append ‘e’ to the end of the verbCharactersArray
lexeme = verbCharactersArray

else if the length of verbCharactersArray is greater than six
remove the extra characters // only six characters are needed
lexeme = verbCharactersArray else

else
lexeme = verbCharactersArray

return lexeme

End
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C. An algorithm that detaches the circumfix and OMS of Indicative, Subjunctive and Jussive Verbs

Input: base stem form of a verb and the prefix of the verb

Output: lexeme, SMS, subject, subPNG, OMS, object, objPNG, [either circumfix or suffix or
prefix] of the verb

ObjectFeaturesArray: which contains the OMS, Object and 0bjPNG of the verb

SubjectFeaturesArray:which contains theSMS, subject and subjPNG of the verb

prefixPartOfCircumfix: is the prefix part of the circumfix.

SuffixPartOfCicumfix: is the suffix part of the circumfix.

verbFeaturesArray: contains the lexeme, circumfix, suffix and prefix of the verb

verbLexeme: contains the lexeme of the verb

detachVerbsCircumfixAndOtherAffixes(verbSegment, verbPrefix)
Start
// First, detach the prefix of the base form verb
For (p=2: p>=1; p--)
Detach the first p characters from the base stem verb as prefix feature
Check if this prefix feature exists in the circumfixTable
If exists
Store this feature in prefixPartOfCircumfix as a prefix part of the circumfix
remove this prefix feature from the base stem verb
end if
end for
// Second, detach the OMS of the base stem verb
For (n=4: n>=1, n--)
Detach the last n characters from the base stem verb as object marker feature
Check if this feature exists in the ObjMarkersTable
If exists
Store the object marker feature as OMS
find the object indicated by the OMS and its objPNG from ObjMarkersTable
insert the OMS, object and objPNG to the ObjectFeatursArray
remove this object marker feature from the base stem verb

end if
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end for

// Third, detach the suffix part of the circumfix feature of the verb
For (m=4: m>=1; m--)
Detach the last m characters from the base stem verb as suffix feature
Check if this suffix feature exists in the circumfixTable
If exists
Store this feature in suffixPartOfCircumfix as a suffix part of the circumfix
If the suffix feature found from the circumfixTable is not null

remove this suffix feature from the base stem verb
end if

end if
end for

// fourth, find the SMS, subject and subjPNG of the verb based on the above three features

find the subject and subjPNG from the circumfixTable using the prefixPartOfCircumfix,
suffixPartOfCircumfix and object marker features identified above

verbLexeme = makeLexeme (verb fragment) // to get the lexeme of the verb
insert SMS, subject and subjPNG to the SubjectFeaturesArray
if the verbPrefix is not null and the suffixPartOfCircumfix is not null

concatenate the verbPrefix with suffixPartOfCircumfix to form the circumfix of the verb
else if the verbPrefix is not null and the suffixPartOfCircumfix is null

store the verbPrefix as the prefix feature of the original verb // verb has only prefix
else

store the suffixPartOfCircumfix as a suffix feature of the verb // verb has only suffix

insert verbLexeme, SubjectFeaturesArray, ObjectFeatursArray, and the identified affix to
verbFeaturesArray

return verbFeaturesArray

end // end of the module
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Appendix IV

Transliteraions used in this thesis work

A. Translitration principle used while writing the document[Leslau, 1967]

an 3 rd 4th 5th 6th 7th No. lst 2nd 3rd 4th 5th 6th
Ordar Ordér | Ordar Ordér | Ordar Ordar Ordar | Ordar Ordér | Ordar Ordéar | Ordér
U= hu 7. = hi % = ha 2=he |U=h '=ho 18. ¢ =vya R=yu |@=yi f=vya | &=ye e, =y
QA = lu a =i A =la 0 =le A= | & = lo 19. 2=da | & =du | % = di 4=da | &=de | &=d
de=Hu | =Hi | h=Ha | =He |m=H 4 = Ho 20. 1=ga |+=gu |2 =g s=ga |2=ge |7=9g
0% = mu | 99 = mi 9 = ma o, = Me =m P = mo 21. m =1ta m =tu | m =i mMm = ta m=te | =t
w. =gy vl = si ¥ = sa “,=Se | »=s ¥ = SO 22. A=pd | & =pu | & =pi 4=pa |&%=pe |&=p
4 =ru 6 =i & =ra b =re C=r < =ro 23. A =354 A =3su A =gi A =gsa A = se A=3
A = Su 0 =Si 4 = Sa nh=Se [n=S 0 = So 24. 0 =gsad B-=su | % =si 9 =sa 2 =gse 0=35
4 = qu = qi Fy=qa |€=qe |P=q $ = qo 25. é.=fa | ¢=fu | &=HAi 4¢=fa |do=fe |@G=Ff
(- = bu 0. = bi 0 = ba N=be [N=Db M = bo 26. T =pé | F=pu | T =pi J=pa|F=pe | T=p
- =tu =t |J=ta |Et=te |T=t + = to 27. VR R I R I

11. “ = ~hu o 4=rhe | 1="h ¢ = ~ho 28. ®=q"8 | ¢.=q"a =q%a | #=q"%

12. " =nu % = ne 7=n % =no 29. T =9d | r=gva 3 = ga 2 =g"e

13. 30.
h-=u h=e h=20 h=0 do = Y | o= hwa d=h" | -4 = hve

14. i = ku h=ke |h=k h = ko

15. @, = wu 2=we |[@=w » = wo

16. 0= "u 9. %=""e |06="0 = "o

17. - =zu H. b = ze "=z H = zo
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B. Translitration principle used during implementation

No. 1st 2nd 3rd 4th 5th 6th 7th No. 1st 2nd 3rd 4th 5th 6th 7th
Order | Order | Order | Order | Order | Order | Order Order | Order | Order | Order | Order | Order | Order

1. V=he |v=hu [Z=hi [Y=ha |%4=hA |v=hY [ =ho 23. |a-Xe |%=Xu |2a=X |&=Xa |&#=XA|&=XY |2=Xo

2. a=le A = lu a =1l A =la A= 1A A=Y o = lo 24. 0 = xe p=xu | 9 =xi 9 = xa 2 =xA | 6=xy ? = %o

3. th=He | de=Hu | =Hi | -h=Ha | =HA | /h =HY | x = Ho 25. |z —fe | $=fu | &=fi 4 =fa | & =fA -y | & =fo

+ w=me [ov=mu | “L=mi |“Y=ma |“4=MA |#=mY | I =mo 26 | T =pe |F=pu |T=pi | =pa|T=pA|T=pY |Z =po

5. w=ge | =g5u |" =si ¥l = sa u, = SA ™ =8sY | ¥ =s0 27. fie = Ke W=Ku|h=Ki | =Ka | &=KA

6. L =re 4 =ru 6 =ri & =ra b=rA | C=r1Y =ro 28. € =Qe | ¢ =qQu |P=Q |®£=Qa | £=0A

7. N=Se | =Su | A,=Si | A=Sa | =SA | A=SY | 0 =So 29. |1=Ge |T"=Gu |P"=Gi |4=Ga | 2=GA

8. ¢ = qge =qu | +E=qi P =qa =qgA |+=qY |#=qo 30. wo=De |“=Du | ™=Di |A=Da | % =DA

9. M=be |M=bu |N.=bi |a=ba =bA [M=bY | N=bo

10 |4 =te =tu |t=t |J=ta =tA |+ =ty |+=to

11. 1 4-Be |%=Bu |~=B |»=Ba |%=BA|41=BY |4=8o

12. 7 = ne " =nu . =ni S=na |&e=nA |7=nY 9 =no

13. lh=e |h=u|h=i|h-= mh=A |&=Y |h=0

14 Ih=ke |th=ku |h=ki |h=ka |h=KA |h=ky |h=ko

15. o=we |@=wu|®=wi P=wa | B=wWA | o =wY 2 = wo

16. lp=wWe [0o=Wu |%=Wi [9=Wa [a=wa |6=WY | ?=Wo

17. H = ze H = zu 0 = zi H = za B=zA | H=2Y H = zo0

18. ¢ =ye ® =yu o= vyi £ =ya t=yA | &=yY | =yo

19 1 g—de [#=du | %=di |&-=da =dA | &£ =dY | & =do

20. 1 = ge T+ =gu 2 = gi Jd=ga |2=gA | ?7=gY 1 =go

2. ' m=Te |m=Tu |m.=Ti |[mM=Ta |m=TA |P=TY |m=To

22. |a=Pe |&=Pu |A=Pi [&4=Pa |#=PA [&#=PY |&=Po
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Appendix V

Sample Features Incorporated to the Knowledgebase

A.Sample of the prefixes incorporated to the knowledgebase

Prefixes Syntactic Functions
e Causative
Y Indicative/Subjunctive/Jussive
esYte Causative-Reciprocal
YtY Reciprocal/Reflexive
1 Negative
naSYte Causative-Reciprocal
nY Indicative/Subjunctive/Jussive
nYtY Reciprocal/Reflexive

B. Sample SMS features incorporated to the knowledgebase

Subject Marker Subject Feature
a They/He 3ppf/3psm
E He 3psm

Y They 3ppm

ka You 2psm

etY She 3psf

ku I Ipsn

kY I/You 1psn/2psf
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C. Sample OMS features incorporated to the knowledgebase

Object Marker Subject Feature
homu They 3ppm
wa She 3psf
hu He 3psm
ne Us lppm
kYmu You 2ppm
ni Me Ipsn

D. Sample circumfixes and OMS features of Indicative, Subjunctive and Jussive verbs incorporated

to the knowledgebase

Circumfix Subject Object
tY homu You/2psm/2ppf Them/3ppm
tY honY You/2psm /2ppf Them/3ppf
Y Ki I You/2pst
Y Mu I Them/3ppm
tY Ke She You/2psm
nY Ke We You/2psm
nY kYmu We You/2ppm
tY Ki She You/2psf
vY ukYmu They /3ppm You/2ppm
vY ukYnY They/3ppm You/2ppf
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Appendix VI

Manully Analyzed Testing Verb-Set by the Domain Experts

No. Verb Prefix Circumfix SMS Subject OMS Object TenseMood Stem Lexeme
1 weledo - - e He 0 Him Perfective Base welede
2 tefYBYretY te - tY She - - Perfective Reflexive feBere
3 terekYbetY te - tY She - - Perfective Reflexive rekebe
4 ifeqede i - e He - - Perfective Base feqede
5 yYkYsYta yY - - He a Her Subjunctive/Jussive | Base kesete
6 mekere - - e He - - Perfective Base mekere
7 yYHYdYga yY - - He a Her Subjunctive/Jussive | Base Hedege
g tYSemYyo tY - - She 0 Him Indicative Base Seme

9 nYSYgYdY - nY-Y - We - - Subjunctive/Jussive | Base Segede
10 teSeelomu te - 0 He mu Them-m Perfective Base Seelem
11 negeromu - - 0 He mu Them-m Perfective Base negere
12 etewu - - u They-m - - Perfective Reflexive etewe
13 tegetYlu te - u They-m - - Perfective Reflexive getele
14 Helefu - - u They-m - - Perfective Reflexive Helefe
15 yYBesYso yY - - He 0 Him Subjunctive/Jussive | Base Besese
16 nebere - - e He - - Perfective Reflexive nebere
17 tYbeki - tY-i - She - - Indicative Reflexive bekeye
18 ebeyetY - - tY She - - Perfective Reflexive ebeye
19 tegYBese te - e He - - Perfective Reflexive geBese
20 Hedere - - e He - - Perfective Reflexive Hedere
21 Sebeke - - e He - - Perfective Base Sebeke
22 WerYyu - u You-pm - - Imperative Base Wereye
23 yaTemYqomu - ya-o - He mu Them-m Indicative Causative Temeqe
24 tamesYTu - ta-u - You-pm - - Indicative Causative meseTe
25 yYdelYwekYmu - yY-e - He kYmu You-pm Indicative Reflexive delewe
26 iyYmYSY1YkYmu i yY-Y - He kYmu You-pm Subjunctive/Jussive | Reflexive meSele
27 iyYferi i yY-i - He - - Indicative Base fereye
28 yYgezZYmYwo - yY-Y They-m WO Him Indicative Base gezeme
29 yYwedYyYwo - yY-Y - They-m WO Him Indicative Base wedeye
30 yYwerYdY - yY-Y - He - - Indicative Reflexive werede
31 weSedo - - e He 0 Him Perfective Base weSede
32 qYnYXY - - Y You-sm - - Imperative Reflexive geneXe
33 tewerewY te - Y You-sm - - Subjunctive Reflexive werewe
34 yYWYqgebuke - yY-Y - They-m ke You-sm Indicative Base Wegebe
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No. Verb Prefix Circumfix SMS Subject OMS Object TenseMood Stem Lexeme
35 itYtYWeqefY i tYtY-Y - You-sm - - Jussive Reflexive Wegefe
36 Yhubeke - yY-e - He - - Indicative Base wehebe
37 tamYlYkY - ta-Y - You-sm - - Jussive Base meleke
38 yYtYleekYwo - yYtY-Y - They-m WO Him Indicative Reflexive leeke
39 eBezYwo - - Y They-m WO Him Perfective Base eBeze
40 sereqe - - e He - - Perfective Base sereqe
41 meShee - - e He - - Perfective Base Mehere
42 tYlYwuni - - Y You-pm ni Me Imperative Base telewe
43 Wediwo - - WO He - - Gerundive Base Wedewe
44 yYlahYwu - yY-Y They-m - - Indicative Reflexive lehewe
45 yYwerYSYwo - yY-Y - They-m WO Him Indicative Base wereSe
46 yYmehYrYwomu - yY-Y - They-m womu Them-m Subjunctive Base mehere
47 yYSededu - yY-Y - They-m - - Indicative Reflexive Sedede
48 yYnebu - yY-u - They-m - - Indicative Base nebebe
49 teBaseyu te - u You-pm - - Imperative Reflexive Beseye
50 yYgedYfYwo - yY-Y - They-m WO Him Indicative Base gedefe
51 teHenYXetY te - tY She - - Perfective Reflexive HeneXe
52 iyaBetYwu i ya-Y - They-m - - Indicative Base Betewe
53 YSYWeromu - Y-o - 1 mu Them-m Jussive Base SeWere
54 Helefe - - e He - - Perfective Reflexive Helefe
55 teHeXYXY te - Y You-sm - - Indicative Reflexive HeXeXe
56 teHeyeSeke te - e He ke You-sm Perfective Reflexive HeyeSe
57 tYfeqYdu - tY-u - You-pm - - Indicative Base feqede
58 fetewa - - a They-f - - Perfective Base fetewe
59 gedefa - - a They-f - - Perfective Base gedefe
60 mYtYra - - Y You-sm a Her Imperative Base metere
61 yYdYBarY - yY-Y - He - - Jussive Base deBere
62 yYXYHYfY - yY-Y He - - Indicative Base XeHefe
63 ewY Sebe e - e He - - Perfective Base weSebe
64 itYmYHelu i tY-u - You-pm - - Imperative Base meHele
65 WebeTeke - - e He ke You-sm Perfective Base WebeTe
66 Seeleke - - e He ke You-sm Perfective Base Seele
67 yYtYeKetu - yYtY-u - They-m - - Jussive Reflexive eKete
68 yeWesYyeke - ye-e - He ke You-sm Indicative Base Weseye
69 nebirY - - - - - - Infinitive Base nebere
eSYtedalewe - eSYte-e - He - - Perfective Caugative- delewe
70 Reciprocal
71 reHenu - - u They-m - - Perfective Base reHene
72 neXefa - - a They-f - - Perfective Base nexefe
73 iHewezomu i - 0 He mu Them-m Perfective Base Heweze
74 teregYmetY te - tY She - - Perfective Base regeme
75 ekYreye e - ye He - - Perfective Causative kereye
76 negede - - e He - - Perfective Base negede
77 wegeru - - u They-m - - Perfective Base wegere
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No. Verb Prefix Circumfix SMS Subject OMS Object TenseMood Stem Lexeme
78 tYdemYqo tY - - She 0 Him Indicative Base demeqe
79 yYmY Sheo yY - - He 0 Him Subjunctive Base meShee
eSYte - e He - - Perfective Causative-
eSYtexamere . xemere
80 Reciprocal
81 HexewYwomu - - Y They-m womu Them-m Perfective Base Hexewe
© eSYteWereyYkomu eSYte - ko You-sm mu Them-m Perfective IC{au.sative- Wereye
eciprocal
83 yYSeqYIlYwo - yY-Y - They-m WO Him Indicative Base Seqele
84 eTYmeqe e - e He - - Perfective Causative Temeqe
85 YTemeqY - Y-Y - 1 - - Indicative Base Temeqe
86 werede - - e He - - Perfective Reflexive werede
87 eHYseme e - e He - - Perfective Causative Heseme
88 itekela i - e He a Her Perfective Base tekele
89 yYtYgemerY - yYtY-Y - He - - Indicative Reflexive gemere
90 yaHemYmYwo ya - Y They-m WO Him Indicative Causative Hememe
91 lekefomu - - 0 He mu Them-m Perfective Base lekefe
92 wYhibY - - - - - - Infinitive Base wehebe
93 nekirY - - - - - - Infinitive Base nekere
itaSYteHeqYrYwo i,taSYte - Y You-pm WO Him Jussive Caugative— Heqere
94 Reciprocal
95 fedYyotY - - - - - - Infinitive Base fedeye
96 Tebeqo - - e He 0 Him Perfective Base Tebeqe
97 Heneqo - - e He 0 Him Perfective Base Heneqe
98 yeheyYdYwo - ye-Y - They-m WO Him Indicative Base Heyede
99 yeWelu - ye-u - He - - Indicative Base Welewe
100 yeWexYdu - ye-u - They-m - - Indicative Base Wexede
101 YsYrYwo - - Y You-pm WO Him Imperative Base eSere
102 yeerYyYwo - ye-e They-m WO Him Indicative Base ereye
103 yYfelYTu - yY-u - They-m - - Indicative Base feleTe
104 eqYdemetY e - tY She - - Perfective Base gedeme
105 yYmYHewY - yY-Y - He - - Jussive Base meHewe
106 feliSo - - 0 He - - Gerundive Base feleSe
107 yaSYtewadYyYwo yaSYte - Y They-m WO Him Indicative Base Wedeye
108 temakeru te - u They-m - - Perfective Reciprocal mekere
109 iyagYhYdYwo i ya-Y - They-m WO Him Indicative Causative egehed
110 SheeyYku - - Ku 1 - - Perfective Base Hereye
111 yYzerYweni - Yy-e - He ni Me Indicative Base zerewe
112 yeekYyu - yY-u - They-m - - Indicative Base ckeye
113 serexe - - e He - - Perfective Base serexe
114 beQilo - - 0 He - - Gerundive Base beKele
115 yYtYqgeneyY - yYtY-Y - He - - Perfective Reflexive geneye
116 nYgYfu - - u They-m - - Imperative Base negefe
117 yYqesYfukYmu - yY-u - They-m kYmu Them-m Indicative Base gesefe
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No. Verb Prefix Circumfix SMS Subject OMS Object TenseMood Stem Lexeme
s YEYIYTY - Y-Y - I - - E:bj unctive/Jussi | Base feleTe
119 yYXemedeni - yY-e - He ni Me Indicative Base xemede
120 gedefa - - a They-f - - Perfective Base gedefe
121 yYtYmaSeTYwa - yYtY-Y - They-m wa Her Indicative Base meSeTe
122 zefenYkYmu - - kYmu | You-pm - - Perfective Base zefene
123 YqYbYro Y - - 1 o Him Subjunctive/Jussi | Base qebere
ve
124 yYdefYno yY - - He o Him Indicative Base defene
125 Wedewe - - e He - - Perfective Base Wedewe
126 yYxerYfY - yY-Y - He - - Indicative Base xerefe
127 yYqelY1Y - yY-Y - He - - Indicative Base gelele
128 ebedYrY Y - Y 1 - - Indicative Causative bedere
129 yYTebYqY - yY-Y - He - - Indicative Base Tebege
130 yYtYkeWewY - yYtY-Y - He - - Indicative Reflexive keWewe
131 SeHeqYwo - - Y They-m WO Him Perfective Base SeHeqe
132 nebebe - - e He - - Perfective Base nebebe
133 nYtYkedenY - nYtY-Y - We - - Indicative Reflexive kedene
134 seferYkYmu - - kYmu | You-pm - - Perfective Base sefere
135 yYgesYmu - yY-u - They-m - - Indicative Base geseme
136 geseso - - e He 0 Him Perfective Base gesese
137 yYSekYbY - yY-Y - He - - Indicative Reflexive Sekebe
138 yYrefYqu - yY-u - They-m - - Indicative Reflexive refeqe
139 tYfexYnY - tY-Y - She - - Indicative Reflexive fexene
140 yaSemYkY - ya-Y - He - - Indicative Reflexive Semeke
141 WYxu - - u You-pm - - Imperative Base WeXewe
142 iyeHedYgY i ye-Y - He - - Indicative Base Hedege
143 yYQeXYru - yY-u - They-m - - Indicative Base Qexere
144 HYXYbu - - u You-pm - - Imperative Base HeXebe
145 itYzYgYbu i tY-u - You-pm - - Indicative Base zegebe
146 yYkerYyu - yY-u - They-m - - Indicative Base kereye
147 yYSerYqu - yY-u - They-m - - Indicative Base Sereqe
148 teWexYbY te - Y You-sm - - Indicative Reflexive Wexebe
149 iyeerYru i ye-u - They-m - - Indicative Base erere
150 iyYfetYlu i yY-u - They-m - - Indicative Base fetele
151 teXemYdo te - - - - - Infinitive Reflexive Xemede
152 genezo - - e He 0 Him Perfective Base geneze
153 ewYqere e - e He - - Perfective Causative weqere
154 teeki te - i You-sm - - Indicative Reflexive ekeye
155 HetemYwa - - Y They-m wa Her Perfective Base Heteme
156 XeHefe - - e He - - Perfective Base XeHefe
eSYteHemYmo eSYte - - - - - Infinitive Caugative- Hameme
157 Reciprocal
158 teBeyeyu te - u You-pm - - Perfective Reflexive Beyeye

Page | 124




No. Verb Prefix Circumfix SMS Subject OMS Object TenseMood Stem Lexeme
159 XeWelYwo - - Y They-m WO Him Perfective Base XeWele
160 tefeXeme te - e He - - Perfective Reflexive feXeme
161 yeWelYwY - ye-Y - He - - Indicative Base Welewe
162 yeHexYna ye - - He a Her Indicative Base Hexene
163 yeHeXYronY ye - - He onY Them-f Perfective Base HeXere
164 yeSheYXa ye - - He a Her Indicative Base HereXe
65 ItYSYmYyu i tY-u - You-pm - - s;lbj unctive/Jussi | Base Semeye
166 teedYwu te - Y You-pm - - Indicative Reflexive edewe
167 teTemiqo te - 0 He - - Gerundive Reflexive Temeqe
168 tYneTYfa - tY-a - You-pf - - Indicative Base neTefe
169 emYsYTo e - - - - - Infinitive Causative meseTe
170 iyYtYnesetY i yYtY-Y- - He - - Indicative Base nesete
171 helewe - - e He - - Perfective Base helewe
172 etiwY - - - - - - Infinitive Base etewe
173 yYzebYTY - yY-Y - He - - Indicative Base zebeTe
174 yYSeTYqo yY - - He 0 Him Indicative Base SeTeqe
175 negede - - e He - - Perfective Base negede
176 yeheyYdYwo - ye-Y - They-m wo Him Indicative Base heyede
yYtYfeTerY - yYtY-Y - He - - In.dicative./ Subjun | Reflexive feTere
177 ctive/Jussive
178 Werequ - - u They-m - - Perfective Base -Wereq
179 deweyYku - - ku I - - Perfective Base deweye
50 yY2YKYrYwa - yY-Y - They-m wa Her S;lbj unctive/Jussi | Base sekere
181 BeyeSo - - e He 0 Him Perfective Base BeyeSe
182 yYnYqu - yY-u - He - - Jussive Base neqewe
63 YYHYZYnY - yY-Y - He - - sélbj unctive/Jussi | Base Hezene
184 yYfetu - yY-u - He - - Indicative Base fetewe
185 SeWemYkYwo - - kY I WO Him Perfective Base SeWeme
186 neseteto - - tY She 0 Him Perfective Base nesete
187 SeTeTe - - e He - - Perfective Base SeTeTe
188 werequ - - u They-m - - Perfective Base wereqe
{tYtYHelefY te tYtY-Y - She - - In.dicative./ Subjun | Reflexive Helefe
189 ctive/Jussive
190 SelebYwo - - Y They-m WO Him Perfective Base Selebe
191 WebeTYwo - - Y They-m WO Him Perfective Base WebeTe
192 TYWimo - - 0 He - - Gerundive Base TeWeme
193 tekafelu te - u They-m - - Perfective Reciprocal kefele
194 teexewu te - u They-m - - Perfective Reflexive exewe
195 ebYSere e - e He - - Perfective Causative beSere
YdYnYnY - Y-Y - I - - Subjunctive/Jussi | Base denene
196 ve
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No. Verb Prefix Circumfix SMS Subject OMS Object TenseMood Stem Lexeme
197 YfYtaHY - Y-Y - I - - Jussive Base fetewe
198 teSeTYqe te - e He - - Perfective Causative SeTeqe
199 yYHYreyY - yY-Y - He - - Jussive Base Hereye
200 meSheomu - - 0 He mu Them-m Perfective Base meHere
o1 ¢SYterageXo eSYte - - He o Him Perfective IC{:Llis;rt:)\;e;-l regeXe
, telYYketomu te - to mu Them-m Perfective Reflexive Jeeket
02 She

203 yeWerYbY - ye-Y - He - - Indicative Base Werebe
204- | iyagemYromu i Ya-o - He mu Them-m Perfective Base gemere
205 wefere - - e He - - Perfective Base wefere
206 esereto - - tY She 0 Him Perfective Base esere
207 yeWelYwu - ye-u - They-m - - Perfective Base Welewe
208 fetewe - - e He - - Perfective Base fetewe
209 yeBetYwu - ye-u - They-m - - Perfective Base Betewe
210 iyYtYkebetY i yYtY-Y - He - - Indicative Base kebete
211 ferYyotY - - - - - - Infinitive Base fereye
212 feqedYnahomu - - na We homu Them-m Perfective Base feqede
213 tYbeQYIY - tY-Y - She - - Indicative Base beQele
214 neWedu - - u They-m - - Perfective Base neWede
215 gesesomu - - 0 He mu Them-m Perfective Base gesese
216 tekebYto te - - - - - Infinitive Reflexive kebee
217 Hedega - - e He a Her Perfective Base Hedege
218 Befereni - - e He ni Me Perfective Base Befere
219 bereqe - - e He - - Perfective Base bereqe
220 yeHeyYwu - ye-u - They-m - - Indicative Base Heyewe
221 egYWero e - e He 0 Him Perfective Reflexive geWere
222 eHYSemo e - e He 0 Him Perfective Reflexive HeSeme
223 yalemYdY - ya-Y - He - - Indicative Reflexive lemede
224 ewY Sebe e - e He - - Perfective Reflexive weSebe
225 teSYYletY te - tY She - - Perfective Reflexive Seelee

aVsYietY - nY-Y - We - - Subjunctive/Jussi | Base setete
226 ve

. - - - - - - Infinitive Base

227 negirotY negere

eSVYitedalewa eSYte - wa They-f - - Perfective Caugative- delewe
228 Reciprocal
229 eY##to e - 0 He - - Gerundive Reflexive eKete
230 enYbibomu e - mu They-m - - Gerundive Reflexive nebebe
231 teHalYfotY te - - - - - Infinitive Reflexive Helefe
232 yYtYWeXefY - yYtY-Y - He - - Indicative Base WeXefe
233 yYSYHYnY - yY-Y - He - - Indicative Base SeHene
234 Heteto - - e He 0 Him Perfective Base Hetete

Page | 126




No. Verb Prefix Circumfix SMS Subject OMS Object TenseMood Stem Lexeme
235 SeTeTe - - e He - - Perfective Base SeTeTe
236 neqgewe - - e He - - Perfective Base neqewe
237 gY Wiro - - 0 He - - Gerundive Base geWere
238 yeWeTYnY - ye-Y - He - - Indicative Base WeTene
239 eYmYro e - - - - - Infinitive Reflexive emere
240 ebYsera e - e He a Her Perfective Reflexive besere
241 tYtYHaseyY - tYtY-Y - She - - Indicative Base Heseye
i VY aYZYrYwo - yY-Y - They-m wo Him s:bj unctive/Jussi | Base gezere
243 geXebYwo - - Y They-m wo Him Perfective Base geXebe
» YYXYHefY - yY-Y - He - - Subjunctive/Jussi | Base XeHefe
ve
245 eSYkebeto e - tY She 0 Him Perfective Base Sekebe
246 tYSYWYro - tY-o - You-sm - - Indicative Base SeWere
247 yYtYweqgeSu - yYtY-u - They-m - - Indicative Reflexive wegeSe
248 geneyetY - - tY She - - Perfective Base geneye
249 teHexYne te - e He - - Perfective Reflexive Hexe
250 enYgefomu e - o He mu Them-m Perfective Reflexive negefe
251 kedene - - e He - - Perfective Base kedee
252 tenedYgetY te - tY She - - Perfective Reflexive nedege
253 inekeyo i - e He 0 Him Perfective Base nekeye
254 HeSeyu - - u They-m - - Perfective Base HeSeye
255 meHewu - - u They-m - - Perfective Base meHewe
256 eWYmeqe e - e He - - Perfective Reflexive Wemeqe
257 rekebYwo - - Y They-m WO Him Perfective Base rekebe
15 iyYHYnYKYwo i yY-Y - They-m WO Him sgbj unctive/Jussi | Base Hencke
259 enYXere e - e He - - Perfective Base neXere
260 telewYwo - - Y They-m WO Him Perfective Base telewe
261 yeSheYSY - ye-Y - He - - Indicative Base SheeSe
262 gereru - - u They-m - - Perfective Base gerere
263 yYnekYyekYmu - yY-e - He kYmu You-pm Indicative Base nekee
eSYte - e He - - Perfective Causative-

eSYteHememe . Hememe
264 Reciprocal
265 mYHYretY - - - - - - Infinitive Base meShee
266 eSYfeTe e - e He - - Perfective Reflexive SefeTe
267 yYzalefakYmu - yY-a - They-f kYmu You-pm Indicative Base zelefe
268 itYlekYfYwo i tY-Y - You-pm WO Him Indicative Base lekefe
260 yYnY WewYwo - yY-Y - They-m WO Him E:bj unctive/Jussi | Base neWewe
270 teWexYbotY te - - - - - Infinitive Reflexive Wexebe
271 enYdedetomu e - to She mu Them-m Perfective Base nedede
272 defeneto - - tY She 0 Him Perfective Base defene
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273 teBYdYgotY te - - - - - Infinitive Reflexive Bedege
274 yYtYbaderu - yY-u - They-m - - Indicative Reciprocal bedere
275 Hegefo - - e He 0 Him Perfective Base Heqefe
276 yYTebebu - yY-u - They-m - - Indicative Base Tebebe
277 tegenYyo te - - - - - Infinitive Reciprocal geneye
278 geXebYwo - - Y They-m WO Him Perfective Base geXebe
279 yaQYrYreni - ya-e - He ni Me Jussive Reflexive Qerere
280 qYnYtY - - Y You-sm - - Imperative Base genete
iyYtYHekeyu i yYtY-u - They-m - - Subjunctive/Jussi | Base Hekeye
281 ve
282 eWelY e - Y 1 - - Jussive Base Wele
283 rYgYzYwomu - - You-pm womu Them-m Imperative Base regeze
284 yeWegYtuki - ye-u - They-m ki Her Indicative Base Wegete
285 tegYBisomu te - mu They-m - - Gerundive Reflexive geBese
286 tewagesu te - u They-m - - Perfective Reciprocal weqese
287 tYtYkeweSY - tYtY-Y - You-sm - - Indicative Reflexive keweSe
288 teYBYzotY te - - - - - Infinitive Reflexive eBezee
289 enYdedu e - u They-m - - Perfective Base nedede
290 YBizo - - 0 He - - Gerundive Base eBeze
291 HedegetY - - tY She - - Perfective Base Hedege
292 iyYtYHeweSu i yYtY-u - They-m - - Indicative Reflexive HeweSe
293 weridomu - - mu They-m - - Gerundive Base werede
294 SeHebo - - e He 0 Him Perfective Base SeHebe
295 gezeru - - u They-m - - Perfective Base gezere
296 denene - - e He - - Perfective Base denee
297 kesita - - a She - - Gerundive Base kesete
teHexYbY - te-Y - She/Y ou- - - Indicative Base Hexebe
298 2psm
299 genete - - e He - - Perfective Base genete
300 HedegahonY - - a They-f honY Them-f Perfective Base Hedege
301 yYbeQYXu - yY-u - They-m - - Indicative Base beQexe
inYgYmydy i nY-Y - We - - Subjunctive/Jussi | Base gemede
302 ve
203 Seribo - - 0 He - - Gerundive Base Serebe
304 edYnene e - e He - - Perfective Base denee
305 bedero - - e He 0 - Perfective Base bedere
306 ewYridomu e - mu They-m - - Gerundive Base werede
307 SeHebomu - - 0 He mu Them-m Perfective Base SeHebe
308 SeHebe - - e He - - Perfective Base SeHebe
309 reWeyY - - Y You-sm - - Imperative Base reWeye
310 yeHel Ymu - ye-u - They-m - - Indicative Base Heleme
311 yYsegYrY - yY-Y - He - - Indicative Base segere
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312 feqido - - 0 He - - Gerundive Base feqede
313 geSeTu - - u They-m - - Perfective Base geSeTe
314 Hegeyu - - u They-m - - Perfective Base Heqeye
i {tYSYHeTYwomu i tY-Y - They-m womu Them-m sel:lbj unctive/Jussi | Base SeHeTe
316 eHYdegetomu - to She mu Them-m Perfective Reflexive Hedege
317 eqYxeru - u They-m - - Perfective Reflexive gexere
s YYWYrYqomu - yY-0 - He mu Them-m s:bj unctive/Jussi | Base Wereqe
319 leHewYwo - - Y They-m wo Him Perfective Base leHewe
320 yYdebi - yY-i - He - - Indicative Base debeye
321 yYgerYxo yY - - He o Him Indicative Base gerexe
322 regexenY - - e He nY Them-f Perfective Base regexe
323 erezetonY - - to She nY Them-f Perfective Base ereze
324 HYrYdY - - Y You-sm - - Imperative Base Sheede
325 eqYtelYwomu e - Y They-m womu Them-m Perfective Reflexive getele
326 teWeXefY - te-Y - He - - Indicative Base Wexefa
327 eXYyo - - o He - - Gerundive Base exeye
328 eYtete e - e He - - Perfective Base etete
329 wehekYwonY - - Y They-m wonY Them-f Perfective Base wehee
330 negefa - - a They-f - - Perfective Base negefe
331 eXYWerYwa e - Y They-m wa Her Perfective Reflexive XeWere
332 yakerYmY - ya-Y - He - - Indicative Reflexive kereme
3 itaSYKYmYwomu i ta-Y - They-m womu Them-m S:.bj unctive/Jussi | Reflexive Sekeme
334 YnedYqY - Y-Y - I - - Indicative Base nedeqe
- yYtY-Y - He - - Indicative/Subjun | Reflexive
335 yYt¥regezY ctive/Jussive regeze
336 gesefYwomu - - Y They-m womu Them-m Perfective Base gesefe
337 yaTaWYwY - ya-Y - He - - Indicative Causative TeWewe
YYrYqYyu - yY-u - They-m - - Subjunctive/Jussi | Base reqeye
338 ve
339 iSerequ i - u They-m - - Perfective Base Sereqe
340 SeWemomu - - 0 He mu Them-m Perfective Base SeWeme
» iyaXYbYbY i ya-Y - He - - \S;:bjunctwe/]usm Causative Xebebe
342 HetitYye - - ye 1 - - Gerundive Base Hetete
343 Wexebeni - - e He ni Me Perfective Base Wexebe
narYeYzY - na-Y - We - - Subjunctive/Jussi | Causative receze
344 gYz ve gez
345 taHegizene ta - ne We - - Gerundive Causative Hegeze
346 wegeru - - u They-m - - Perfective Base wegere
- iyYXYbYtu i yY-u - They-m - - 5:bjmct1ve/]uss1 Base Xebete
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348 neSeketo - - tY She 0 Him Perfective Base neSeke
349 meleSu - - u They-m - - Perfective Base meleSe
350 eSYnequne e - u They-m ne Us Perfective Causative Seneqe
351 yaHesYru - ya-u - They-m - - Indicative Causative Hesere
352 yYgelYyomu - yY-0 - He mu Them-m Indicative Base geleye
353 yabexYWY - ya-Y - He - - Indicative Causative bexeWe
354 Wetebene - - e He ne Us Perfective Base Wetebe
355 sereyYku - - ku 1 - - Perfective Base sereye
356 yYgelYwomu - yY-o - He mu Them-m Indicative Base gelewe
357 teqesYfu te - u They-m - - Perfective Reflexive gesefe
358 mYHirY - - - - - - Infinitive Base meShee
359 feqidY - - - - - - Infinitive Base feqede
360 feteweta - - tY She a Her Perfective Base fetewe
361 geSeTYku - - ku 1 - - Perfective Base geSeTe
362 SeKeyetY - - tY She - - Perfective Base SeKeye
363 yYdeGYxeni - yY-e - He ni Me Indicative Base deGexe
te - - You-sm 0 Him Indicative Base
364 teHemYyo Hemeye
365 eWYbeyo e - e He 0 Him Perfective Reflexive Webeye
366 SheiXY - - - - - - Infinitve Base SheeXe
367 nesitY - - - - - - Infinitve Base nesete
368 tYtYnaSeku - tYtY-u - You-pm - - Indicative Reciprocal neSeke
369 itYtYHemeyu i tYtY-u - You-pm - - Indicative Reflexive Hemeye
370 Wegeme - - e He - - Perfective Base Wegeme
371 ebYTele e - e He - - Perfective Causative beTele
372 tefaqYro te - - - - - Infinitve Reflexive feqere
373 taQYrYru - ta-u - You-pm - - Imperative Reflexive Qerere
374 Seelu - - u You-pm - - Perfective Base Seele
375 feqedetomu - - to She mu Them-m Perfective Base feqede
376 heyYdo - - 0 He - - Gerundive Base heyede
377 telY Yko te - - - - - Infinitve Reflexive leee
yaSYteHamemYwa - yaSYte-Y - They-m wa Her Indicative Caugative- Hememe
378 Reciprocal
379 Seela - - a They-f - - Perfective Base Seele
380 SelebetY - - tY She - - Perfective Base Selebe
381 SelibotY - - - - - - Infinitve Base Selebe
382 teHezYlY - te-Y - You-sm - - Indicative Base Hezele
itYtYhewel Ywo i tYtY-Y - They-m WO Him In.dicative./ Subjun | Reflexive hewele
383 ctive/Jussive
384 ew Ykeku e - u They-m - - Perfective Causative wekee
385 Xerefe - - e He - - Perfective Base Xerefe
386 teganeyahonY te - a They-f honY Them-f Perfective Reciprocal geneye
iyaSYtedaGYxa i yaSYte-a - They-f - - Indicative Caugative- deGexe
387 Reciprocal
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158 eSYiedaGixo eSYte - - - - - Infinitive gaugative- deGexe
eciprocal
389 teSedo te - - - - - Infinitive Reflexive Sedede
iyYqYSYTu i yY-u - They-m - - Subjunctive/Jussi | Base qeSeTe
390 ve
391 BeyeSe - - e He - - Perfective Base BeyeSe
392 emYrere e - e He - - Perfective Causative merere
393 emYrerYwo e - Y They-m WO Him Perfective Causative merere
394 tewekefeto te - tY She 0 Him Perfective Reflexive wekefe
395 telYWYlo te - - - - - Infinitive Reflexive leWele
396 iyaleGYmo i,ya - - He 0 Him Indicative Causative leGeme
397 SeHenu - - u They-m - - Perfective Base SeHene
398 egYreromu e - o He mu Them-m Perfective Base gerere
399 geeze - - e He - - Perfective Base geeze
400 tYSewi - tY-u - She - - Indicative Base Seweye
Y tY WexedY - tYtY-Y - You-2psm/ - - Indicative Base Wexede
401 She
402 tewarY So te - - - - - Infinitive Reflexive wereSe
403 reWeyu - - u They-m - - Perfective Base reWeye
404 TYbebu - - u You-pm - - Imperative Base Tebebe
eSYtcHawezYwa - eSYte-Y - They-m wa Her Perfective Caugative— Heweze
405 Reciprocal
406 teXefYru te - u They-m - - Perfective Causative Xefere
407 WeXiwo - - 0 He - - Gerundive Base WeXe
408 yYserYrY - yY-Y - He - - Indicative Base serere
409 kesesYwo - - Y They-m WO Him Perfective Base kesese
410 teTewYmetY te - tY She - - Perfective Reflexive Teweme
411 yYnedYfY - yY-Y - He - - Indicative Base nedefe
412 emYrereta e - tY She a Her Perfective Causative merere
413 teXelYbe te - e He - - Perfective Reflexive Xelebe
414 Serebeto - - tY She 0 Him Perfective Base Serebe
415 yeBelYyu - ye-u - They-m - - Indicative Base Beleye
416 WYxYdY - - yY You-pm - - Imperative Base Wexede
417 WexedYkYnY - - kYnY | You-pf - - Perfective Base Wexede
418 keWewe - - e He - - Perfective Base keWewe
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