




















































































































































































































































































































and parsed manually. The lexical and transitional probabilities of each of the words in the
Training Set, which was a subset of the sample corpus used as a training set, were
calculated. The grammar rules were extracted, the probability of each rule in the
Training Set were calculated, the resulting PCFG rules were converted into Chomsky
Normal Form (CNF) for simplicity, and represented in a table called PCFG-CNF. In a nut
shell, a database with 7 tables was designed and/or modified to hold all the necessary

lexical and grammatical information that were used in the parsing process.

The thesis then presented the algorithms and modules required by the parser to access the
knowledge base and parse input sentences with appropriate lexical categories. For this
purpose, an interface, which would allow a user communicate with the system was

created and a prototype was developed using Visual Basic.

Experiments were conducted in two phases, one on the Training Set and the other on the
Test Set. Only one parameter, the percentage of correctly tagged and parsed words and
sentences in the sampled text, was used to measure the performance boost of the original
purely statistical part-of-speech tagger, and a simple sentence parser, and a newly
developed complex sentence Ambharic parser in this study. On the experiments conducted
using the Training Set and Test Set to see the POS tagger’s performance when the
morphological analysis module was embedded, 98.7% and 94% accuracies Were
observed on the two sample corpus subsets, respectively. The results achieved based on
the small sample were high, 89.6% on the training set and approximately 81.5% on the
test set. Before achieving such accuracy, the experiment was repeatedly done on both the

Training Set and the Test Set identifying errors and making corrections. Most or the
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identified errors were human made errors during the preprocessing of the parser’s input,
conflicting PCFG rules, low probability and absence of some rules. Finally, a discussion

on the possible causes of errors and their solutions was made before closing up the thesis.

Although the accuracy of the parser developed in this study was somewhat acceptable, it
may not have an immediate practical application for the parser was not trained on large
quantities of data that endorsed all features of Amharic (complex) sentences. To sum up,
this thesis was an attempt to integrate previous NLP studies on Amharic and to use the
sum total of the ideas and outputs of these works to solve a bit larger problem. It was in
the mind of the researcher that Ethiopian students and researchers would strengthen such
a practice that would lead towards the ultimate materialization of higher levels and more
demanding research endeavors such as conceptual parsing and machine translations,

which all are tasks of NLP.
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6.2 Recommendations

There are many shortcomings in this research. These limitations are pointed out below

and are active research areas, which should be addressed by interested individuals in the

area. The efforts of those researchers might enable efforts of coming up with an efficient

sentence parser for Amharic language. Thus, the following could be recommended as

possible research areas.

L.

In this study, the bi gram lexical co-occurrence assisted by a simple
morphological analyzer, which was developed by assuming the input and
output formats of a previously conducted study, was used to guess for
unknown words. This technique works pretty well for the various inflections
of a given stem in the database. Although this was one step forward to earlier
studies, some words that were absolutely new to the database (i.e., those none
of their inflectional forms exist in the database) were still tagged wrongly.
Thus future researches could explore for a better result combining the tri gram
lexical co-occurrence and the integrated system of the morphological analysis

systems studied.

Future researchers can prepare corpus in which both simple and complex
Amharic sentences have proportional representation, extract the PCFG rules
and then test the performance of the approach and techniques used in this

study in parsing both simple and complex Amharic sentences.

Replicate this work using a large data and incorporating all types of sentences

with all attributes like case, number, gender, person, tense, and definiteness
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and so on to increase the coverage of the current system in parsing various
sentence types. Based on this, the performance of PCFG on the NLP for

Ambharic could be explored.

Conduct similar researches in other local languages such as Oromo language,

Tigrigna, and so on by adopting the procedures followed in this study.

Noun Phrase recognition, conceptual parsing, word sense disambiguation and
machine translations are other possible future research areas worth conducting

as a continuation of a full-fledged Amharic sentence parser.

_ It could commence the need to develop processed Amharic corpus (i.e.,
morphologically analyzed, hand tagged, parsed, etc data) for purposes of

experimentation and researches on statistical natural language processing.

The grammar rules extracted and the corresponding probabilities are still static
values. Both the grammar induction and the corresponding probability
computations could be made dynamic, i.e. to recalculate the probability values

and add new grammar rules, during the parsing of sentences.

Integration of works that are already conducted and are being conducted in the
area of NLP of Amharic is necessary in order to ensure the continuity of
works and to come up with an end result. Future researchers could, therefore,
focus on relatively higher levels and more demanding NLP research

endeavors such as conceptual parsing and machine translations for Amharic.
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Appendix 2. List of Punctuation Marks In Amharic

No | Punctuation mark | Symbol | Purpose
1 | The four dots (or o+ Marks end of a word and at the same time
double colon) the end of a sentence

2 | Colon (t) Separate individual words in a sentence,
the

3 | White space Separate individual words in a sentence,
the current practice

4 | Question mark ? Marks the end of an interrogative sentence

5 | Exclamation ! Used at the end of such sentences or
interjections that express such emotions
as...

6 | Semi-colon Serves roughly the same function as
comma

7 | Semi-colon It separates related meanings. That is,
serves roughly the same function as
semicolon

8 | Semi colon It separates unrelated meanings. That is, it
serves roughly the same functions as
comma

9 | Three dots Marks deliberate omission of words,
phrases or sentence

10 | Quotation marks % B Used at the beginning and end of words

& that are being quoted

11 | Parenthesis () Encloses elaboration of Amharic meanings

12 | Stroke | Separates date, month, year on official
let'ers of an organization

13 | Vertical stroke ‘ Indicates stress or gemination in Amharic.

14 | Mocking mark Placed at the end of a mocking sentence
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Appendix 3. Special Tags Identified by Mesfin (2001)

No. TAG | DESCRIPTION

1 N Nouns including all pronouns, invariant for number, gender
and case except for verbal nouns and such nouns formed
using the prefix bala(e.g. 19 “chiled”, 19j-o&¢ “ Children’,
dssu “He” ,daganat “kindness” )

2 NV Verbal nouns (e.g. mablat “Eating”, matatéat “ Drinking.”

3 NB Noun formed by prefixing the prefix bald to nouns (e.g.
bald-bag “The Sheep owner”, bala-suq “Shop keeper”,
bala-l8bs “owner of the clothing”)

4 NPrep | A word with a preposition not separated from a noun (e.g.
bamékina “By car”, sdlahagar “a bout a country”)

5 NC A noun suffixed with a conjunction, i.e. a word with noun not
separated from a conjunction (e.g. lomina bartukan “Lemon
and orange”, zayts “how about oil”)

6 Vv Verb in any form except auxiliary verbs, compound verbs
and other forms of the auxiliary and compound verbs (e.g.
gaddala “He killed”, gaddlo “after he killed”, gaddalac “Se
killed”)

74 AUX | Auxiliary verbs and all their other forms. This does not include
compounds of alli, addrrigé, asséni and all their other forms (e.g.
ald “He, It present” ,ndbbdr “He, It was”, niw “It is”, ni¢ “Se
is”,na¢dw “They are™)

8 VCO | Compound verbs, i.e. compounds of alla, adarréga, assana,
and all their other forms (e.g bdq alld “He appears”, zom
assanto “In a way of making them silent”, badog adarraga
“He take it up.”)

9 VPreP | Any verb (main or auxiliary) headed by a preposition. The
preposition not separated from the verb (e.g. sdlamétta
“Since he came”, kdheda “If he went”)

10 VC Any verb suffixed or prefixed (i.e. headed) by a conjunction.
That is, a word with the conjunction not separated from the
verb (e.g. mattana “He come and” , sdmatta “When he
comes”, sdzanb “when it rains”, dsktac¢ars “Until you finis”)

11 J An adjective which is preceded by neither prepositions nor
conjunctions (e.g. dig “Kind”, kofuiia “Dangerously”, tollok
“Big")

12 JC An adjective not separated from a conjunction (e.g. dégdna
yawah “Kind and Innocent’, tdqurna n&c¢¢d “Black and
white")
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13 JNU | A numeral that function as an adjective (e.g hulat
barrdcaqao “ two glasses”, ammdst gurano “five Seds”)

14 JPN A preposition not separated from a noun but that function as
an adjective (e.g. yéatala barrdcdqqo “A glass for “tella” ”,
yac¢ayna sahdn “A china made plate”)

18 JP A word with a preposition not separated from the adjective.
That is, the adjective is headed by a preposition (e.g.
badahdna “In a fine way")

16 PREP | A preposition that appear being not at'ached with other
words (e.g. k4 “From”, la “To", sdla “For Sb/Sth.”, dnda
‘Like")

17 ADV | An adverb (e.g. tolo “In a hurry”, tdlantonna “Yesterday”, zare
“Today”, hulgoze “Always”)

18 ADVC | An adverb which has a conjunction suffixed to it (e.g.
ahundm “Even now”)

19 C Coordinating conjunctions that appear being not at'ached
with other words (e.g. nagéar gan “However”, waydss “Or”)

20 REL | A word which is a relative clause (e.g. yatasaragabat “one
who is stolen”, yagomut “those that stand”)

21 ITJ Interjections (e.g. gos! “Wonderful”’, wa! “Take care! Be
careful! Watch out!”)

22 ORD | Ordinal number (e.g. ammdstéfia “The fifth” ,assdrdiia “Tenth”)

23 CRD | Cardinal number (e.g. ammdst “Five”, assar “Ten”)

24 PUNC | Punctuation (e.g. +, :, !,0)

25 UNC | Unrecognized word, i.e. a word not found in the lexicon of the

tagger
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Appendix 4. Stem-Affix Synthesizing Table

STEMCATEGORY SUFFIX PREFIX NEWCATEGORY
N E E N
Adj un E Adj
v latn vé comp
Adj E Ba Adv
Vv E E vV
N u E N
N acaun E N
V utn y& comp
N ocu E N
Adv E E Adv
\% u E \%
V ayn ya comp
\ hut E \%
N acaun E N
N oc E N
N E bé Adv
Y uacau E \%
N itu E N
V abatn ya comp
N E ya Adj
vV a E vV
Vi &un vé comp
N n E N
Vv ach E \%
N w E N
vV ut E vV
N achau E N
N yan E N
Adj nat E N
V alachawn vé comp
Vv a E V
N u ba
V atn ya comp
N at E N
\ achwn va comp
V achat E V
N tua E N
V at ?ndé comp
V achnn E V
N yo E N
N un E N
V a ?nd& comp

*E stands for an empty affix position.
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Appendix 5. Sample Transcribed Training Set

nigadeu gibdreu yishit'dldtn ohdl wédéd katdma amat’ # ministdru
witaddrocu hagiracidun kiwérarioc sdlataddgu biat'am amasaganu # one
kassa yigizaun nié biag tdlant aydhu # azazu wétaddrocu wada gdbiacédu
ondidgidbu bimdsgana tigibdluacdu # méngdst hagaritu yadardséabatn
kafotana yiekonomi kisara amini # Abidra wanddmu ydgabazaun gobaz
yéakolleg tamari tawawédqa # ndgusu fashistoc yatdrbadabadulatn jagona
saw siqilu # dthiopia fintata yatdwigadabatn dlat tdlant akabaréc #
prezidantu artistu bafilm yagaldsédun boloh ndgus adidndaqu # durdyeoc
dnatu yilakidcun tondshj I9j kofuiia ddbddadbut # sdratdnaocu dorojotu
yashaldmiun kokdb siratifia ligdminbar adédrdgut # anbabiyan dérasiu
yisaldun ééikan gisdbahdri td’amaninit tét’arat’ru # gazet’danau ndgusu
biaAmerika yatidaraglacidun aqibabil biaddnb zagédbu # méngdst hogawat’
nigadeoc sdlitawisidiabaciu drmdja mabrarya sit'a # yédthiopia t'dlatoc
hagiritu baddrdjotu wost’ yatisét’atn bota tigawamu # gormawinatacau
awrajau yiginabun adadis tiqgwamat gobadrnu # birou yandgd fagad
yatdsdridzidbacidun nidgadeoc zdrzor awdt’a # wianbadeoc bagofiagadédnoc
yaganabutn tiqwam kit'dgdm wacé adérdgu # nofasu zélanoc ashidwa lay
yasarutn betoc &édrdso afiardasa # Asdter ohdtua bat'am sdlawafarac
kamat'in bilay tinadadic # 19jotu talloq wanddmua dndéast’dnat kofal wost’
nigardcn # hakimu 19jua as¢égari ydhonédun setyo baqddmya astinagada #
I9ju abatu biqut’a sdldtinagarut kdbet wit'a # sdwyaw Balat'a wada Gojjam

onddahedd ahun négdrun #
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Transcribed Test Set

I9ju one betacdu tdlant yaméat’ahut saw mahonen tanagiara # one ydkoafol
gwadinaye yatidnacbidtn alga kédgordbet tawasku # sidratanaua zenabu
yAariatibiun 10bs bet wast’ asét’ac # Wolde Kassa ydyazaun addis borsa
adiniqa # astimariocu kishay bet dskédtdmildsu doréds kofol qoydn #
gabdyatinocu ena ydqomdnbitn awlala meda wadyau mollut # wéfocu
Biqald yaafisdsdun sdnde baédkola ldqdmu # arogitua lebaoc amna
yigadilutn boédna ldjacdun  astawdsu # salotdnaua setyo yédsalot
mighfacidu sdlat’afa biat'am azdnu # mistydua balyau wida bet bégize
sdlagaba tidasatic # mangdst dorq ydafdnaqalacaun diha gabareoc qalldb
akifafila # tigwamu yiwdéé mingist yadastdmardun méamadhor bawad
qat'drdu # gelidsibu yisokuar ¢éardtau sdlatat’anagaqa modrtun bamakina
ééani # zabahau asdriu sdlifigadilat yamata tomohort tamézdgaba #
shdmagdleu t'drsaciu sdldallaga bozu t'ore mablat aqgomu # qongit sdrgua
sdladrasa kiguadinaua gar shargud aléc # one Idbse zare soldtat’bad aroge
I0bs ldbisku # polisu fatashu adinzaz ds ydaganabatn golasab wasada #
sifiru mabrat zare sdlit'ifa batam éédldamé # abatydu Idju andania
sdlawit'a yawirq sd’at shidlamédu # borsau bozu dqa bawadst’ sdldyaza
bit’am kibidan # tamariu guadiiau sdlazégiya wida kofdl boéaun géba #
bdzu siwoc Japan yisidracun dqa magzat filligu # oJna astdmariu
yasat'andn yibet sora kofdl saran # Seble dne university dskdamat’ahubat
sa’at dords acéawiticn # Tolosa t'dmbirau tolant dskézora dorés ardqe t'at’a
# Mesfin abatu t'Ankdridu dnddastimarut ldaddisua fiqranau négérat # abat
kisdra mat’ wiandom manbéb kofol géb #
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Appendix 6. The Tagged Stem Output

8.

9.

. nagade\N gabare\N shat'\V ohal\N wada\P katama\N amat'\V #

ministdnN watadar\N hagar\N warari\N tadag\V bat'am\Adv amasagan\V #
ane\N kassa\N gaz\V naé\Adj bag\N tolant\Adv ay\V #

azazu\N watadarocu\N wada\P gdbi\N gab\V mdsgana\N tagabal\V #
mangdst\N hagan\N daras\V kafatana\Adj ekonomilAdj kisara\N aman\V #
Abara\N wanddm\N gabaz\V gobaz\Adj kolleg\Adj tamari\N tawawaq\V #
nagus\N fashist\N tarbadabad\V jagona\Adj saw\N saqal\Vv #

Ethiopia\N fant'at'a\N ¢ardso\Adv tawagad\V dlatiN tolant\Adv akabar\V #

prezidant\N artist\N bafilm\NPrep gélés\V bdloh\Adj nagus\N adanaq\V #

10.durdye\N anat\N lak\V tandsh\Adj I6)\N kafuna\Adv dabadab\V #

11.saratana\N dardjot\N shalam\V kok&b\Adj sératénia\N ligamanban\N adarag\Vv

#

12.anbabi\N darasi\N sal\V &éakaii\Adj gasabahari\N ta’amani\N tat'arat\V #

13.gazet'afia\N nogus\N baAmerika\Nprep tadarag\V agababal\N badanb\Adv

zagab\V #

14. mangdst\iN hagawat'\Adj nagade\N tawasad\V armadja\N mabrarya\N sat'a\Vv #

15.Ethiopia\Adj talat\N hagar\N bé&dardjot\NPrep wast'\P  tasat'\V  bota\N

tagawam\V #
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Appendix 7. PCFG generated using the 280 sentences

PCFGCNF3
LHS RHS1 RHS2 Probabilities
PP PREP N 0.407000005245209
PP N PREP 0.562999994754791
AdjP ADV IAdj B - 1
NP N E 0.590999989509583
NP Adj N 0.223000004887581
NP N N 0.136999994516373
NP N Ne 2.19999998807907E-02
NP NP N ~3.50999984502792E-02
NP Adj NP ~ 7.00000021606684E-03
NP N ~ |PREP ~1.40000004321337E-02
VP PP Y 0.199000000953674
M N L F e 0:125
VP IN Vv ~0.199000000953674
VP NP NV _0.146999999880791
VP ADV Vv ~0.109999999403954
VP AdjP v 3.70000004768372E-02
yb ADY ve 6.59999996423721E-02
VP \ Y 4.39999997615814E-02
VP Vo |E 6.59999996423721E-02
VP |Adj Y 7.00000021606684E-03
S_ INP Ve B ]
VP S: v 0.199090909835673
5 s comP o
VP NP [VP: © 0.514200095952352
VP: PP Vv 0.199126589304567
VP: |ADV Vv 011
ComP comp E 0813
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Appendix 8. Sample Parse Output
1. S (NP (N nagade-u)
VP(S'(S (NP (N gabare-u) VP (V shat'alatn)) (COMP ya))
VP(NP(N 8hal) VP(PP(P wada) (N katama) VP(V amata)))))
2. S (NP (N ministar-u)
VP(S'(S (NP (N watadar-ocu) VP (NP (N hagar-acaun) VP (N kéwérari-oc)
(V tadag-u) (COMP s?13))
VP (Adv bat'am) (V amésagan-uacau)))
3. S (NP (N ane)
VP(S'(S (NP (N kassa) VP (V gaz-aun)) (COMP ya))
VP (NP (Adj nag) (N bag) VP (Adv tdlant) (V ayéhu)))))
4. S (NP (N azaz-u)
VP (S'(S (NP (N watadar-ocu) PP(P wada) (N gdbi-acdu) VP(V géab-u))
(COMP ?nda)
VP (Adv bamdsgana) (V tadqabal-uacau))))
5. S (NP (N mangast)
VP(S’(S (NP (N hagér-itu) VP (V daras-abatn)) (COMP ya))
VP (NP(Ad]j kafatana) NP(Adj ya-ekonomi) (N kisara) VP(V amana))))
6. S (NP (N Abéara)
VP(S(S(NP(N wandam-u) VP(V gabaz-a)) (COMP y&))
VP(NP(Adj gob&z) NP(Adj ya-kolleg) (N tamari) VP(V tawawaq-a))))
7. S (NP (N nagus-u)

VP(S'(S(NP(N fashist-oc) VP(V tarbadabad-ulatn)) (COMP ya))
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VP(NP(Adj jagana) (N saw) VP(V saqal-u))))
8. S(NP(N Ethiopia
VP(S'(S(NP(N fant'at'a) VP(Adv ¢ardso) (V tawagad-abatn)) (COMP ya)
VP(NP(N dlat )VP(Adv talant) (V akabar-ac)
9. S (NP (N preZidant-u)
VP(NP(N artist-u) VP(Adv bafilm) (V galas-utn) (COMP ya))
VP(NP (Adj balgh) (N ndgus) VP (V adanag-u))))
10. S (NP (N durdye-oc)
VP(NP(N dnat-u) VP(V lak-ac) (COMP y&)

VP(NP (Adj tanash) (N 18j) VP(Adv kdfunia) (V dabadab-ut)))))
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