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Abstract

Parsing is the process of breaking down a sentence into its part of speech or words like verb,
noun, preposition, adjective and so on. Parsing plays an important role in enhancing the
performance of numerous natural languages processing (NLP). Here this work is designed to
parse geez language on the approach of a Top-Down chart Parser for Geez language sentences

using the context free grammar rule (CFG).

We reviewed various parsing approaches for different languages, to achieve our objective. How
ever, Geez language parsing remains challenging dueto the absence of annotated dataset. To
address this gap, we collected a dataset for sentence parsing from the well-known book
Mezumere Dawit.Given the lack of the lack of pre-existing labled data; we collaborated with a
language expert (Amanuel), an instructor in the Geez Department at Aksum University, to ensure
lingustic accuracy. The expert prepared the dataset in a format suitable fstablished grammatical
rules ford sentence construction based on verb and noun phrase structures, and manually parsed

the sentences.

This study presents a Top-Down parsing approach for Geez language sentences; addressing the
challenges posed by the language’s unique morphological and synthetic structures. Using a
dataset of 500 sourced from the book ’Mezumure Dawit” the parser correctly parsed 470
sentences, achiving a parsing accuracy of 94%. The results were validated through the manual
parsing, where 490 sentences were parsed manually, with 470 sentences matching the parser’s
output. The performance of the parser was evaluated using standard metrics, including precision,
recall, F1 score, and Experimental results show the effectiveness of the proposed method in
parsing Geez language sentences. Thrid study contributes a foundational step towards
computational processing of Geez language, with potential applications in machine translation

and historical analysis.

Key words: - CFG (Context Free Grammar), NLP (Natural language Processing), Top-Down

Parser.



Chapter one

1.1: Introduction

Natural language (NL) is a language that humans interact for their daily activities, such
languages are English, French, Arabic, Amharic, Ge’ez, and many others. These languages have
their own complexity, grammar, syntax, Semantics, and scripts to give meaningful sentences.
Natural language understanding (NLU) is a method of understanding natural languages in a
machine readability form, process it, and understand its semantics (meaning), syntax (structure),

and pragmatics (context).[1].

Natural language processing (NLP) is part of computer science and Atrtificial Intelligence (Al)
concerned with enabling computers to understand, interpret, process, and generate human
language in a meaningful way. Natural language Processing (NLP) addresses the gap between
human communications and machine understanding. There are different applications or tasks of
Natural language Processing (NLP): some of them are language modeling, speech recognition,
Named Entity Recognition (NER), Machine Translations, Part of Speech Tagging, and Parsing,

Text to Speech Conversion. [2]

Parsing is the process of analyzing or identifying the structure of a sentence or piece of text into
a well-defined grammatical structure of a sentence or a text. Top-Down parsing is a technigque of
parsing that constructs a parse tree from the root (sentence) down into the leaves (words) of a
sentence. [2], [3]

Geez language is not widely spoken in Ethiopia and Eritrea today. Instead, it is a liturgical
language primarily used in religious contexts by the Ethiopian Orthodox Tewahco, Eritrean
Tewahdo Church, and Related communities. However, Tigrigna, Amharic, and Tigre which
evolved from Geez are widely spoken in Ethiopia and Eritrea. It has its own script, number, and
writing system. The modern language of Ethiopia Amharic and Tigrigna are derived from this
language. Ones in a while, it serves as the official language of the Aksumite kingdom. Now a
day its service is limited in the religious area especially both in the Ethiopian and Eritrea
Orthodox church. Some local and international higher institutions are also used for academic

purposes, among them are Addis Ababa university, Bahrdar university, Debremarkos university,
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Aksum university, Kidiste Silasie Cathedral university, and there are such universities abroad in
Germany, United states of America, Canada included this language on their academic programs.
There are also online services that provide educational materials and explore Geez language. The
Ethiopian Orthodox Twahdo Church also has prominent instructors that teach students

specialized in teaching programs in Gonder and Axum. [4], [5].
1.2 Motivation

It is known that Ge;ez language is the source of culture, arts, scripts, heritages, religious and
ethical values of Ethiopians and Eritreans [20].The Scripts are the origin of sematic languages of
Ethiopian languages such as , Amharic, Tigrigna, and Tigre from Eritrea. It is a source for the

religious, arts, culture, scripts, heritages, many books and arts are written in Geez language. [20].

While I was thinking to do my thesis, | am trying to investigate different works; | noticed that the
work of Amharic Sentences parsing (Abdurahman), recommended that his work should be
further investigated on Ge’ez language, because it is an ancient and a basement for other sematic
languages like Amharic, Tigrigna and Tigre spoken in Eritrea. Besides that, there are no such

works on, and there is no more such work is available on Natural language Processing (NLP)

1.3 Statement of the problem

Parsing is a fundamental task of natural language processing (NLP), enabling machines to
analyze and understand sentences structures. While Extensive research has been conducted on
parsing thechiques for widely spoken languages such as [3], [6], [71, [7], [8], [°], [10], [11], [12],
[13,], similarly there are also some works for Geez language on Natural Lnaguage Processing
(NLP) ,[14], [15], [16], [17], [18], [19], [20].

Despite the rich lingusic heritage of the Geez language, there has been limited research on parsng
approaches tailored to its unique grammar. This research gap highlights the need for effective
parsing thechniques that can handle the language’s morphological and syntactic
complexities.among various thecniques; this study specifically adopts the Top-Down paring for
Geez language sentnces. The selection of Top-Down parsing is justified by its suitability for
languages with well defined and hierarchical grammatical structrues, such as Geez language.

Top-Down parsing, which begins from the start symbol and precedes by by expanding



production rules, aligns well with the rule-based nature of Geez grammar. Additionally, it allows

for intuitive grammar rule desing and easier error detection during parsing.

While modern languages such as Amharic and Tigrinya have evolved from Geez, the study of
Geez itself remains critical for both linguistic scholars and those working in the field of natural
language processing (NLP). Despite its relevance, geez has not received the same degree of
computational attention as other languages, particularly in sentence parsing. Parsing, a
fundamental task in NLP, involves analyzing the structure of a sentence and determining the
syntactic relationships between its components.

Top-down parsing, a technique widely used in syntactic analysis, constructs a parse tree from the
root (sentence) down to the leaves (words or word-like components). This method has been
successfully applied to many languages, but its application to Geez presents unique challenges
due to the language's distinct syntactic and morphological properties. For instance, geez features
a rich system of inflection, with words undergoing various modifications based on tense, aspect,
and agreement. Additionally, geez syntax is relatively flexible, making it prone to ambiguities

that must be addressed in the parsing process.

This thesis aims to explore the use of top-down parsing for Geez, focusing on the development
of a parsing model that accommodates the language's morphological richness and syntactic
flexibility. Through this research, we seek to address the limitations of current parsing methods
for Geez and contribute to the development of computational tools for this ancient language. The
primary research problem addressed by this thesis is the lack of effective parsing methods for the
Geez language, particularly in the context of top-down parsing. Some unique challenges of the

language are morphological complexity, Flexible word order and limited resources.

1.4 Objective

The general objective of this study is to design and implement a top-down chart parser for Ge’ez

language sentences.



1.4.1 Specific objectives

e To investigate and document the unique syntactic, morphological, and orthographic
properties of Geez language, including its inflectional patterns, word-order flexiability,
and the nature of its syllabic scriopt.

e To study different types of grammar rules, and formalism and select the one that handle
for Geez language sentences parsing

e To construct accurate and annotated dataset of Geez language sentences sourced from
classical texts (e.g Mezumure Dawit).

e Collaborate with language experts (such as instructors from Aksum University’s Geez
department) to validate grammatical rules, refine parsing strategies, and ensure the
linguistic accuracy of the parser.

e To assess the parser using standard metrircs such as accuracy, precision, recall, and F1-

score to quantifuy its effectiveness and identify areas for improvement.

1.5 Methodology

The methodology follows for the research encompasses a comprehensive approach to the
development of a Top-Down Chart Parser the Geez language. it includes key steps such as
clearly defining the research approach for Top-Down Parsing methodology used for analyzing
Geez language sentences, explaining why this approach is chosen over alternatives, like the
Bottom-up or statistical parsing methods. The other point is describing how the grammar rule
formalism of the Geez language was constructed. Beyond these, to look at the appropriate tools
and techniques for parsing Geez language sentences and set evaluation metrics for the parsing

process.
1.5.1 Literature Review

The literature review explores existing works of different types of parsing methodologies,
techniques, and strategies. It examines linguistic studies on the Geez language, discusses
challenges and strategies for applying NLP techniques to languages with limited corpora like
Geez language, and exploring its unique grammatical structures and challenges for the studying

of the parsing Geez language. In addition, the literature review looks at state-of-the art parsing
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techniques applied to other sematic languages, and high light how these approaches are applied

in under resourced language.
1.5.2 Data Collection

The dataset for this study will be collected from the book known as“Mezumeur Dawit”, this is a
very well-known book having diversified sentences that can represent the parsing process for the
language. We will consider the language experts input for the research, because the rules and the
tagging process will be conducted based on their knowledge.

1.5.3 Design and Development

The design and development method are focused on the architecture design and the development
process of the parser. Grammar design is the main part of the components along with other

modules.

1.6 Scope

This research focuses on the development and evaluation of a top-down parsing system for
analyzing sentence structures in the classical Geez language. The study is limited to the syntactic
level of natural language processing, emphasizing the formalization and application of grammar

rules for Geez.

1.7 Application of Results

The application result of the research listed below

e Digital preservation and formalization of Geez grammar, ensuring its accessibility for
future generations.

e The parsing system can be integrated into digital platforms for teaching Geez to students,
clergy, or linguists.

e The parsing results and annotated data can serve as training data for Al models,
advancing research in Geez NLP.

e The methodology can be adapted to other under-resourced languages, providing a

framework for computational analysis.



1.8 Organization of the Thesis

The thesis is organized as follows; chapter two discusses literature review in the field of natural
language processing, description of the Geez language, grammar formalism, and parsing
approaches and strategies. Chapter three discusses the relevant work of parsing for both
Ethiopian and non-Ethiopian languages. Chapter four covers the system design; it provides the
detailed coverage of each component of the system. On chapter five the implementation of the
designed system, it includes details of the development process, experimentation, and results
obtained during testing. The final chapter six discusses the conclusion and future work.



Chapter Two: Literature Review
2.1 Introduction

The literature review gives a detailed analysis of existing research and theories that inform
current studies. It explores the fundamental concepts of natural language parsing, with a
particular focus on rule-based approaches suitable for under-resourced languages such as Geez.
The chapter begins with an overview of the Geez language and its linguistic characteristics,
emphasizing its syntactic and morphological complexities

2.2.1 Geez Language

Geez language is an ancient Ethiopia and Eritrea language; it has its own writing system, syntax, and
structure and grammar rule. There are different types of writing systems, these are Alphabets (English,
Russian, Greek), Abjads (Arabic, Hebrew), Abugidas or alpha syllabaries (Devnagari, Thai, geez,
Ambharic), Featural alphabets (Hangal), syllabaries (Japanese, Cherokee), and Logographic system
(Chinese character) [22]. Among all these writing systems geez language uses abjad and abugida. The
word order or structure of Geez language follows SVO, VSO and OVS (subject verb and object, verb,
subject and object, object, verb and subject). At the beginning the writing system was from right to left
but later changed from left to right. There are 26 basic letters that represent the syntax of the language.
[23].
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Figure2. 1: Geez Script arrangement (a) earlier Geez script (b) recent Geez script (C) Derived Ge’ez script

Geez language also has its own number system; and they are used in the Ethiopian Calendar. The figure

below shows the representation of the number system of the language.
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Figure2. 2: Geez language numbering representation



There are also similar sound letters in Geez language, their sounds are the same but, they are
differing in their shape. The figure below shows their symbols and the reason why they differ

from one another. [18]

Letters Known Name Reason
v YA Since it is the beginning of the Ge'ez word YA
th he™4 “chy” Since it is the beginning of the Ge'ez word 4G
k] el S When the word B} written it is used.
f Ak 0" When the Ge’ez word M written it is the one used.
w T T When the Ge’ez word ¥M¥ written it is the one used.
A hdigemr “h" The word hévds is always written using it
0 o&F “0" The shape is like Eye and the Ge'ez word 0@% is written using it
R Al R The Ge’ez word &f=F written it is the one used.
[ Bch® 0" The shape is like sun and used to write the Ge'ez word 8hg

Figure2. 3: Similar words and letters

2.2 Geez Language Word classes

2.2.1 Grammar (WPN®-) structure of Geez language

Grammar (APN@-) is the structure of the language that governs the clauses, phrases and words

of any language. [24] [25]. Words are the basic part of any language and in Geez also. There are
a lot of words that combine and give meaning to full sentences. Each word that we use has its

own part of speech, in Geez there are eight parts of speech, these are Nouns/h9®/, verbs/°10/,
adjectives/®64/,adverbs/+m@-N°1N/,pronoun/a® A 4/ preposition/a®N+P £: 2/, conjunction/a®
N+99°C/, and interjection/PA A J5 /.

Many grammar texts also define parts of speech in terms of form and structure classes.[24]. The
form structure is organized in terms of the main part of speeches Noun/N9®/, Verbs/<10/,
adjectives/$04/ and adverbs/+@ANn <1/, these are the words that give the meaning a full
sentences. The structure classes are organized in the form of pronouns/a®¢-hpP%/,

preposition/T®N+P L L/, conjunction/TN+99°C/, and interjection/$A AIF/, these words are

used to indicate grammatical relationship and structure o There are also open and closed word
classes, [24] the open word classes are the major classes constructed from the major parts of
speech Noun, verbs, prepositions and adverbs and these are the content words that give the



lexical or the content meaning of the sentences. The other category is the closed word classes
which are composed of the pronouns, prepositions, conjunctions and interjections which the
relationships of the sentences. Therefore, the form classes are called open word classes, because

new words are entering constantly into the language.

2.2.2 Major parts of speeches
2.2.2.1 Nouns/ng™

A noun is the name that represents a person, place, animals, thing, feeling and idea. [24] In Geez
there are different types of nouns in general concert and abstract, common and proper, collective
and countable nouns. In Geez language most nouns end with the sixth letter/ sades fidel/, but
there are also nouns ends with other letters.

In general, in Geez language there are two ways of forming plural form of a noun

1. Pattern replacement: £NC dabr....... nLN0C..ad bar

2. Addition of an ending: Ago-t-......... hao 3
Plurals formed by adding pattern replacement are known as “Broken” plurals or “Internal”
Plurals and those that are formed by addition an ending are known as “External” plurals.[24].in

Geez language we use Afh....-TAT i@ - to inflect a singular noun to plural.
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Table2. 1: Example of Inflections in Geez numerals

Geez language Nouns

Adding Root word Inflected
h A Yaubll
0chC ARG
a....mT mMC AMC T
TN AT
10 arPot
159° 1571
T+ h9° A%
<A [ AT ¥
A (ré-és (ré-bob\
7 AP AL P
- Al hTia-
A aN@-

In Geez language plural formations can be occur by changing the letter/fidel/ to fourth /4N06/
and sixth/ag0/ letters,for example £AN-1¢- to LATC oA to av8A®-:- we can also
form plural noun at the end of the noun is the letter/fidel/ third/wAn/ fifth/19°0/ and
seventh/a-Nd/ using @ and ¢ as fourth/&-No' 1/ € and £ with - and . For example, £ to
LRETINLIR to hLIRETINTIS to HOICL T

2.2.2.2 Adjectives (P0A)
Adjectives are words that describe, identify and define a noun or pronoun. [24][25]. nouns
describe the nature of things, but adjectives describe the behavior or characteristics like shape,

size, color and type of things.in Geez language adjectives are inflected to form plural form by
prefixing “AATA” at the beginning and suffixing 7T ®/: L Pi-Taov-i(..... at the end. Some

examples of adjectives are shown below.
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Table2. 2: Geez language adjectives

Geez language adjectives

Singular Plural Prefix Suffix
M- TP 7
NP NT1em-£7F O o 4
ao'’f- hAlao' ad.....

@Atk @-h-f-ago- ...ao-
nl hNa- ..

2.2.2.3 Verb (“20)

A verb is a word that is used to describe the action, state and forming the main part of the
predicate sentences. [25][25]. Geez language verbs can be in a perfect form (past form) or
imperfect form (present and future). Perfect verbs indicate a completed action; these actions may
be past perfect, past continuous and past participle with relative pronoun of (H). The imperfect
verbs include present, continuous and future actions. All perfect verbs end with first order and
the imperfect verbs end with the sixth order when the noun is he (@#-k) [24]. The morphology
of verbs starts with perfect verbs. There are also rules to change the imperfect verbs which are
expressed by the root verbs.Root verbs (7?0 ACANT) are regular verbs which describe the time

behavior of an event. They can be 7 or 8, and each have their own characteristics.[15] [18].

:‘;ﬂ £ <th hohivk PLfd LR Pronunciation (RY0-N)
1 A (#) N (F)IN (AT (katalaf
2 +L&0 ShH <INH ThH Mkaddasal’
3 (e T Ah R Tgabirad
4 AhooS AN AN WY AN fea?maral
5 Nzh &1ld “ThNH “TAH fharaka/
6 b T 7N ThH fiemal
7 Thi AL A thH Mbihilal
g e a6 Fioma]

Figure2. 4: Root or main verbs in Geez language
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2.2.2.4 Adverbs
A word that describes the characteristics or qualities of a verb is referred to as an adverb. In Geez,

adverbs can place either before or after the verb they modify. [24]

2.2.2.5 The Stems of verbs

Ethiopian scholars refer [5] [25] refer stems as A0917% /?ofimad/ meaning pillars shafts that
uphold the roof of a building. Stems serve as the foundation structures of verbs, supporting their
conjugations. According to the scholars [5] [24] geez has five distinct patterns each functioning

independently.
Perfective stems............. mn.C
Causative stems............. aMne

Reciprocal Stems......... TINC

2.2.3 Minor parts of speech
2.2.3.1 Pronoun (aoé-ch £77/-t@-AmM O(9°)

A pronoun is a word that replaces a noun or noun phrase. Unlike any other languages, geez has
10 pronouns [24] [26], Amharic has 9 pronouns [25], English has 7 pronouns [27]. In geez
pronouns can serve as substitutes for nouns, verbs like “to be” and adjectives. There are different
types of pronouns such as personal, reflexive, relative, reciprocal, demonstrative, interrogative,

indefinite, and possessive pronouns. In Ge’ez pronouns /av4-ch €73/ can be classified in gender or

sex and numbers like singular and plural. These are shown in the table below
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Table2. 3: Geez pronouns

Pronouns/aod-ch 877 | 2 3~/Sex
wryil English | Masculine/ | Feminine | Common Plural Singular
0632 | 10 I 8 | ISON /0-H-ch 104/

1 AY [ v v
person 2 RhY We v v
2" hr v v
person =y 3.t You v v

Wl | v

YA v v
3 | onk Helit v "z
person = o, She/it v 4

@-A-f-ao- | They v v

“ontr | 7 7

2.2.3.2 Demonstrative pronoun

A demonstrative pronoun replaces a person, place or thing and can act as a subject, an object, or
the object of a preposition. Some examples of demonstrative pronoun in geez are, H7k/H/,

UM/, Abe/ad/abTE, A7 AN AN, H-? @Ak Hak: Hahe, Sat: A73nk

TATThe, @A tao-T AN TANRE, O-APTT AN AADTT

2.2.3.3 Possessive pronouns

Possessive pronouns are words that indicate ownership, or possession shows that something

belongs to someone or something. In geez, possessive markers or suffixes are used for this

purpose. The table below shows the possessive pronoun of geez language. [18]

Table2. 4: possessive pronouns in Geez language

singular Plural
Geez English Geez English
1% person HA? Mine H.AY ours
2" person H.Aah Yours H.Af1avo- Yours
H.Aah, H.AN7
3" person HAU- His H.ALPao- Theirs
H.a' Hers H.alP7
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2.2.3.4 Conjunctions

A conjunction is a word to join clauses, sentences or words within the same clauses. In geez
conjunctions such as @, aA®-, %0ao-, hA, and ch-k are commonly used. Some examples of
conjunctions “IC£9° @®ICH ook, (Maryam and Marta come), ANCYI" @L&NhIP
@LO$A: : | (Abrham, yeshak and Yaekob). [18].

2.2.3.5 Punctuation marks

In geez, there is no question mark; interrogatives in geez are placed at the end of a word or a
sentence, distinct intonation, typically at a low level, where the style of pronunciation itself
indicates a question. Some examples are listed here, U-, '+, &, &., T, A &A@~ AN
(when?), +A9"4*+: (Do you know?),A7ta>U: (Are you?): +a9°l'La.: (Do you know me?).
[18].

2.3 Geez language phrases

2.3 .1 (Noun phrases) NP 92023 NP AL
+@AM A9°+ N9° = A7Foo-<PN> OANlh A1A<N>

ao(\Th9°C(Prep)+ N19° = nAAP ao- <Prep>hCLhT<N>

PoA (adj) +09°= Led<adj> VI91T<N>

O9°+09° = “Im.aT<N> OheGP<N>= £7.9%<N> 9°1<N>

ON9°+N9°+09° = h9°Ah <N>h%1ANT<N> AN.ANdC<N>
(prep)aehiag°C+ O9°+ D9° = ONirA- °C Dflch:U-

N9+ (Conj)aohitPLE+ NI°+ NI° = MavdFfav-y, hav HI°H ACP I°LC
+@Am O+ 0P PoN+ N9° = h-Aeoo- MNCH 0009

NP°+ooFPLE L+ N9+ ooQTPL+ N9° = O00:ATH AN 000 hH:77L

PO+ PON+ NI = L 640N haoch SO

15



+@-AM O9°+ aoNTaI°C+ PON+ O9° = AdTE 0ANE L&+ VIGT
F@AM O9°+ aoNTaI°C+ GG F 1IC() =0 -Ahao- AA His o0k G909

A9° + POA + N9° = OAAToL (AT oo TOhT

2.3.2 Verb Phrases VP (9023 “1NP A29)
20 + O9° + 02° = 1N av%Nt+ oMt

M + O9°+ oo P + N9°= T UNEET 0N:70Y

U+ PON + ONTPLLE= hCt e LOTTATOLLT

+mAah M + M= AT ATINT

20 + gl tPLLE + PON = +FINA:IOAL L

0 + a0 +PL + OA7° + 20 + O9° = SALAP:ATNONS 6L LM a9 AN,

0 + a0+ PLL + M0 + 09+ o+ PL = hAa9°s:haoFOANA AT ANNCNAL ¢!
A9° + oo FPLE + @A 20 + N = AT ANFNG:OhbTh: a8 Lht,

Ng° + 0 + +@Ah 70 = PAC:AXIAAT.A

0° + 0P + 20+ t@Aah 20 = Qo ih:AAN:ATH.A:

N FPL + I + O9° = NAMh:APO-I°:P LN

NP°+oo TP+ oo P+ N9° = OLh@®-7:hov:00: AT Fad T 1No0-hH:97 L

2.3.3 Sentences formulation in Geez language
Sentences are constructed from the noun phrase and verb phrase, here the language experts

define some rules to create geez language sentences.
Noun phrase + verve phrase = Sentences

( A% ) + (OAHA 92800 ALIMLE) = APE OATHN 91800 ALY
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(Ahao:h73t:) + (AMAN0TNG: Ok Fh: A8 L) =
Alao: a7t A M A 004G O h b A1 'L

(h7°ANP) + (WLAAL 18P MADTIY ®av 110:) = AI°ANY MLAAL "1S0P OADY
@ao L0

(RO °F) + (WIHL) = AL Kbl Tt

(ATLANMC) + (09900 NoA+ 9°7800) = B0%16h ATHANNG NOA+ 9°350h
(¥122)  + ( ATHA FILAD L1421 ) = ATHA FILADh L1421 F1r»
Al (Examples)

1. A%k (19°) (N) @A 9°380.0 (aon+PLSP 9947) () avANS Grdd

S5 -

O hLTT(NP) hiv'.La LWV
EeN | o ol | Jr‘\
(MNP ) A CFRII- M- PO FSLY BTV P
ooy (complementany Ll s |

(oon-4-Feae hAT() }.Jkru-:::i()

MFEY™ h-A- PRS0 ()

iy e e () e LT
@RT() n-A- FUEanv()
erofiA- e () et 1)

Figure2. 5: sentence construction of geez language
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9/71C(S)

01T heINP) AL HLTIVP)
Wk 2, hieo: 374 AT AN i L)

\ /1NN

UAPESE AOAM D) MAT AOAM D7) #A hoT) ot Pee()  AoAm dPN) V)

| | A

Ahy® W) ATHA() 0+04() Oavtth)  wagehyV)

Figure2. 6: Example 2 Sentence construction of geez language

K 3. AhASAM-h f-llh AYTANY AY" WhE Ld4d UAST
ooROL q'}-i 9340() Z AN % oMGTIE()
AA-GAM-D() N-Alh() gAY () a’-ﬂl’l-i"!’.?‘[) ng°(N)
HIT hé, L4 VST

Figure2. 7: Example 3 Sentence construction of geez language

a0hid TR naaAn+
a0t 4. b1 YA
%4/
avhd GT0( T)(V) N%A Mt D71 HLT)(NP)
han(V) AdL IH()

Figure2. 8: Example 4Sentence construction of geez language
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ANTFS. Ph hI%() + oo Pe() + ooaNd 3348+  N9A DR(N)

AT A() nrean() 2t doUich() 71-27(N)

‘/%lg
j_‘\ $+{ TIP i)
+h f-r’“/ a1 th* aohe IR T

}

AT A N7 2An L4 ch

Figure2. 9: Example 5 Sentence construction of geez language

OCYt Mé 3/ nC NC 170

1. QC av-, avhaNS FIPR + TOAN + 09N 0T

2. oo-(\, hd.A MVC ngA 0t + °a0é ¥R+ -t

3. QVC hé.n ao-(, T0-h, + ooANS F1PR + N9A T
OC%T 1Né 4/C e N

OhC Theh Ngh 0k + aoa0é Fibo

+heA OhC ahé 910 + 0% 0T

2.4 Grammar formalism

A parser needs grammar that explains how sentences are built from their components and how
the meaning of a sentence is derived from the information obtained in its parts. When a parser
processes an input word or sentence in a specific language, it produces a description of the
possible structural relationship between words or sequences. It also gives structural
representations of the input, as explained by the grammar rules.

In some parsers the formulation of such representations occurs simultaneously with the
derivation of structural analyses based on the grammar. It is widely known grammatical structure
plays an important role in developing meaning, making the identification of the grammatical
structure of natural language sequence an important step in understanding the sentence’s
meaning. However, many sentences, including those in geez, can be ambiguous, carrying
multiple meanings. To effectively handle such ambiguity, grammar formalism capable of

managing these differences is important for natural language processing. [29]
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There are different types of grammar formalism, among those are listed below, Context Free
Grammar, Transformational Grammar, Transition Network grammar, Unification Based

Grammar, and Probabilistic Context Free Grammar.

2.4.1 Context Free Grammar

Context free grammar (CFG) is defined as four-tuple (V, Y, R, S) whre:

e V:-A finite set of nonterminal symbols (abstract symbols representing language
constructors)

e Y- Afinite set of terminal symbols (the actual characters or tokens of the language).

e R: - Afinite set of production rules, each of the form of A ——> a, Where A€V and q, is
a string made up of symbols fromV U .

e S:-The start symbols a special non terminal from which derivation begins. [33].

The prodcuction rules identify how nonterminal symbols can be replaced by sequence of
termninals and nontermainal, this recursive Context free grammar (CFGSs) is crucial in parsing
techniques such as Top-Down Parsing, it provides a formal framework for constructing parsers
that can systematically analyze the syntactic structures of sentences. Sarting from the symbol,
production rules are applied to derive strings in the language.These derivations can be
represented as parse tres, which visually map the structure of the genetated sentence or words.
Eventhogh Context Free Grammar (CFGs) is highly versatile it has ome limitation; it cannot

capture all language behavior, especially those requiring context sensitive information.

2.4.2 Transition Network Grammar

Transition network grammar (TNG) formalism defines the rules by using nodes and labeled arcs
in a transition network. One of the nodes is identified as a start symbol. Beginning at the starting
state an arc can be navigated if the current word in the sentence is in the group on the arc. If the
arc is succeeded, the current word is modified to the next word. Simple transition networks are
sometimes known as Finite State Machine (FSM) and have the same expressive rule as regular
grammar. But they have some limitations to fully describe all languages that can be explained by
context free grammar (CFG) [31]. To be more descriptive rule as the context free grammar
(CFG) the transition network grammar should allow arc labels to denote to other networks and
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word groups. Grammar formalism obtained by this rule is known as recursive transition network
[32].

2.4.3 Augmented Transition Network

Augmented Transition Network is another kind of transition Network Grammar for writing
natural language grammar. This grammar formalism denotes the grammar in the assumption if
there is a path from the beginning state to the ending state such that the labels on the arc match
the words of the sentences, a sentence is in the language defined by the network [32].
Augumented Transition Network can invoke sub-networks recurseively, allowing them to
represent nested and hirarchial structure thea basic networks cannot. While a basic Transition
Network Grammar relies purely on state transition to decide if a sentence is in the language, an
Augumented Transition Network introduces extra capabilities (recursion, registers, and
conditions) that enable it to capture morecompelx syntactic phenomena. This makes Augumente
Transitin Network significantly more powerful and better suited for parsing natural languages

with complex, hierarchical structures.

NP verb —
S D N

APD

det -
@'/ noun

=

name e

Figure2. 10: Augmented Transition Network

2.4.4 Context Sensitive Grammar

Context sensitive grammar is defined as a four-tuple (V, Z, R, S),
Where:

e V:-is afinite set of nonterminal symbos,
e >:-isafinite set of terminal symbols (disjoint from V).
e R:-is a finite set of production rules, unlike Context-Free Grammars (CFG), in Context

Sensitive Grammar each rule is of the form;
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oAp——>ayp

Here, A € V is a terminal, o and 8 are strings (which can be empty) composed of terminals and/
or non terminals, and y is a non empty string of symbols (ensuring that the production is non-

cntracting).
e S:-isthe start symbol, a designated nonterminal from which derivations begin.

All production rules in a Context Sensitive Grammar (CSG) are non-contracting, meaning that
the length of the string on the right-hand side is always less than or equal to the length of the
string on the right hand side. This condition prevents the derivation process form reducing the
string length, which is essential for ensuring that the grammar defines a Context-Sensitive

language. [30].
2.4.5 Probabilistic Context Free Grammar

Probabilistic context free grammar (PCFG) is grammar formalism each production rule is related
with probability [8]. Probabilistic context free grammar has five tuples, G= (N, Y, R, S, Q)

where
N= a finite set of non-terminal symbols
> =a finite set of terminal symbols

R= a finite set of production rules of the form A o (where A is an element of N and a is an
element of (3 UN"))

S € N is a start symbol and
Q:R —> [0, 1] is a function that assigns a probability to each member of R

Therefore, the probability of P(y) of a parse tree y is defined as the product of probabilities of all

rule applications in the derivation of y.

|| :
i=1 9t count (Ex)

P(y) = where
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Y=is a parse tree generated using PCFG

Count (i, y) =the number of times that the i" production rule ri € R is used in the derivation of y
qi is the probability of rule I. [7,34]

2.4.6 Unification based Grammar

Unification based grammar rules focus on the case, gender, tense, and values that are denoted in
the lexical entries of the words. The future structures of these sentences can be extracted using
unification operation [35]. These feature structures are processed through the operation of

unification, where the entire grammar is defined as a set of constraints applied to these structures.
2.5 parsing

Parsing is the process of breaking down a sentence into its parts of speech, such as nouns,
adjectives, verbs, prepositions, etc., and assigning each word its respective category within in a
sentence of a given language. It also involves grouping words into phrases. Additionally, parsing
identifies the structure of sentences based on a set of predefined rules. In natural language
processing parsing can occur at either the word or sentence level. Word- level parsing involves
tokenizing a word into the smallest meaningful units of words. [8]. before proceeding further
let’s look at how sentence parsing operates using sample Geez language texts. Generally, the
parsing process when an input word or string is given. After the input is tokenized or breaks
down by the tokenization process, the parser analyzes the tokens, matches them to the grammar
and parses the input text or string according to the grammar rule given.

Using the given information, the parser builds a parse tree for each input sentence. The parse tree
visually represents the derivation of the input texts or strings based on the grammar rule. It
recognizes the language’s grammatical rules and their application. Each node in the parse tree

corresponds either to a word in the input or a non-terminal in the grammar. [35].

The choice of a Top-Down Parser is particularly suited to Geez language processing for different
reasons: The first reason is its alignment with Expert-Defined Grammar. Geez, being a classical
language with unique syntactic and morphological properties, benefits from a rule based
approach. A Top-Down Parser naturally aligns with the structured, expert-defined grammar rules
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provided by language experts. It begins with the start symbol and recursively applies grammar
rules to generate the expected structure, mirroring thorothical linguistic analysis of Geez. The
other reason is it offers greater transparency, following researchers to trace how each
grammatical rule is applied. This is particularly important for a language like Geez, where the
explicit, handcrafted grammar needs to be carefully validated and refined in collaboration with
language experts. Geez is also shows hierarchical sentence structures and, at times, recursive
patterns. The Top-Down Parser is inherently recursive, which makes it well-suited to handling
such nested and recursive linguistic phenomena. This approach allows the parser to naturally

construct parser trees that represent the complex, multi-layered structure Geez sentences.

2.5.1 Approaches of Sentences Parsing

Parsing is a process of constructing syntactic analysis of a given sentence based on a given
grammar [6]. Parsing can serve as an intermediate stage for semantic analysis of natural
language processing applications such as Information Retrieval (IR), Information Extraction (IE),
and question answering. Based on the algorithms design, approach of sentences parsing can be

classified in two types: these are stochastic and rule-based approach sentence parsing [37].

2.5.1.1 Stochastic approaches
A stochastic approach of sentence parsing works based on probability and statistics. This

approach follows the Bayes (Network) thermos and the Markove assumption model to determine
the sequence of words in each sentence [6]. The stochastic approach also can be classified as a

supervised approach and unsupervised approach.

2.5.1.2 Supervised approach
Supervised approach sentence parsing uses, labeled data, and each sentence paired parse tree for

analyzing the syntactic structure of the sentence [5]. This method adopts machine learning

techniques to learn the relationships between sentences and their grammatical structures.
Key components of supervised approach are

Labeled dataset: -Collect a dataset of sentences annotated with their parse trees. Datasets like
the Penn Treebank are commonly used for this purpose. Each sentence in the dataset should have

a corresponding syntactic structure (e.g. consistency or dependency tree).
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Feature Extraction: Extract relevant features from the sentences that can help the model learn

patterns.

Model Selection: choose suitable machine learning for parsing, for example Transition-based

parsers and Graph-based parsers.

2.5.2. Unsupervised approach

The unsupervised sentence parsing approach uses unlabeled data to analyze and understand the
structure of sentences parsing [5]. This approach is particularly useful when annotated datasets
are scarce or expensive to obtain. Some basic components of the unsupervised sentence parsing

approach are listed here.

Data Collection: Data can be collected from different sources like books, articles, or Web pages.

Future Representation: Represent sentences using features that hold their syntactic properties.

Clustering and Probabilities Models: use clustering techniques to group similar structures or

words.

2.5.3 Rule-Based approaches

The rule-based approach for sentence parsing involves using a set of grammar rules to analyze
the sentence. This approach has basic components to accomplish its functionality; these are
grammar definition, Context Free Grammar (CFG), Phrase structure rules, Lexicon, Parsing
algorithm. The rule-based approach is composed of three different types of sentence parsing:

Top-Down Parsing, Bottom-up parsing, and Chart parsing.

2.5.3.1 Top-Down parsing
A Top-Down parser begins with the start symbol (S) and works to rewrite it into a sequence of

terminal symbols that matches with the word classes in the input sentences. At any given point,
the parse state can be represented as a symbol list which shows the operations performed up to
that level. For example, the parser starts in the first state (S). Applying the grammar rule S--->NP
VP, the symbol list becomes (NP VVP), then using the rule NP---> N VP, the symbol list updates
to N VP, and these activities continue recursively. The parser proceeds in this manner until it
reaches terminal state symbols, at which point it checks whether the word classes in the input

sentence match the rewritten terminal sequence. [32].
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2.5.3.2 Bottom-Up Parsing
A Bottom-Up parser strategy begins with the words in a sentence and works backward using the

rewritten rules to reduce the sequence of symbols on its right-hand side. [38]. this method starts
by assigning agrammatical category to each word and progress until it reaches the start symbol.
The process treats the resulting highest —level sequence as a new string to operate on.
Additionally, this method groups words into their respective categories for example (Adj VP, V--

->V/P) according to the grammar rule.[8].

2.5.3.3 Chart Parsing
Chart parsing addresses the limitations of simple parser interns of completeness and efficiency

by applying dynamic programming techniques. Dynamic programming enhances efficiency by
storing and reusing intermediates results when needed. In syntactic parsing, this approach is
referred to as Chart Parsing. The “Chart” is a data structure that stores partial parsing results,
allowing them to be reused throughout the process. This method ensures that a constituent is

built only ones and then stored in a table for later use as a sub-constituent of larger structures.

The table used to store partial results is called Well- Formed —Substring-Table [18], it records
adjacent word sequences within a sentence and tracks the syntactic constituents identified. Ones

the table is constructed it maintains a record of all detected constituents.

Summary

This chapter began with an overview of the Geez language, one of the ancient sematic languages
of Ethiopia and Eritrea. We explore the grammar of Geez, including word classes, phrases, and
sentence structure. Geez follows SVO, VSO and OVS (Subject Verb and Object, Verb, Subject and
Object, Object, Verb and Subject) word order. Next, we discussed the different types of grammar

formalism and parsing methods. Different grammar formalisms and parsing techniques, approaches

reviewed by different scholars are discussed in detail.
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Chapter Three: Related Work
3.1 Introductions

Significant progress has been made in natural language processing (NLP) for different languages.
Sentence parsing plays a critical role in enhancing the performance of numerous applications,
such as Machine Translation, Grammar Checking, Question Answering, Semantic analysis, and
more. Additionally, parsing is essential for identifying phrasal categories, analyzing correct
grammatical structures, and understanding the relationships between words in a sentence.
Automatic parsing has been one of the most extensively studied areas in NLP, with a substantial
amount of research dedicated to it over the past few decades. This chapter reviews papers
relevant to this research area. To provide a clear understanding of the current study, the chapter
discusses related works for both Ethiopian and non-Ethiopian language.

3.1.1 Amharic language parsing

There are some works regarding sentences parsing for Amharic Language, and one of them is
automatic sentence parsing for Amharic text [7]. This paper uses probability context free
grammar formalism to construct the sentences and used inside outside algorithm with a bottom-
up chart parsing strategy. The paper conducted an experiment from sample data prepared one
type of sentences, which was combination of four words and achieved an accuracy of 85%. The
sample data was limited to 100 sentences [7], and they were all the same type of sentences,
declarative type of sentences. The sentences were tagged automatically using the POS tagger

developed by Mesfin [21] and manually parsed by the language experts.

The second work for Amharic Language parsing is an integrated approach to automatic complex
sentence parsing for Amharic text. [8]. this work is focused on the Amharic complex sentences
and the approach they follow to solve the problem is very similar [7]. The grammar formalism is
probability context free grammar, and the algorithm is inside outside algorithm. Beyond this the
paper tries to integrate the work with some morphological, Lexicon and syntactic properties of

the language. The experimental result shows 98.7% on the training set and 94% on the test set.

A hybrid approach to Amharic base phrase chunking and parsing [9] is also additional work for
Ambharic language parser; this paper focuses on retrieval of different kinds of phrases by
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grouping syntactically interrelated words using Hidden Markov Model (HMM). This study

considers simple and complex Amharic sentences for the experiment and achieves 93.5%.

Another paper on the Amharic language parsing is a top-down chart parser for Amharic
sentences [6]. Context Free Grammar Formalism (CFG) is used for grammar formalism of the
language. This work covered all types of sentences so far not covered on the previous works. The
experimental result conducted for the different types of sentences scored, 90%, 85%, 80%, and
75%.

3.1.2 Afan Oromo Language Parsing

An Automatic Sentence Parser for the Oromo Language using the chart algorithm was developed
by Driba Megarsa.[39]. The parser was developed Head-driven Phrase Structure Grammar
(HPSG) formalism, merged into a left-right table. Besides the study included a supervised
learning algorithm to handle unknown and ambiguous words and integrated a morphological

analyzer to break down words into their origin forms and associated morphemes.

The dataset for this study was collected from Oromo Textbooks, and they were around 352
sentences. These sentences were classified as a training and test set (85% and 15%) respectively.
Two experiments were conducted in two phases, first on the training, and next on the test dataset.
The result was evaluated by comparing with the manually parsed sentences. To improve
accuracy, errors were distinguished and corrected, and succeeded by repeating training cycles

until a satisfactory result was obtained.

The performance of the parser was evaluated using the percentage of correctly parsed sentences
from the sample datasets. The parser shows high accuracy, scoring 95% correctness on the
training and testing sample datasets. The algorithm used on this parser was efficient on

predicting the unknown words in the input sentences.
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3.1.3 Tigrigna Language parsing

The Development of Automatic Parser for Tigrigna Language using the Bottom-Up Probabilistic
chart parser is one work for the Tigrigna language Parser. [12]. Simple and complex Tigrigna
sentences were conducted on this research, and Probability Context Free Grammar Rule was
used on the formalism of the grammar rule. This work conducted an experiment on three
different parts; the first test was performed on the training dataset, the second one conducted on
the test dataset and the third one on different dataset not included on the sample dataset. The
accuracy achieved for the simple sentences' dataset were 95%, 94% and 85% respectively.
Similarly, the accuracy achieved for the complex sentences’ dataset were 91%, 90% and 80%

respectively.
3.1.4 Arabic Language parsing

Al-Tanni et.al. [37], Developed a Top-Down parser specifically designed for parsing simple
Arabic sentences within a limited a limited domain of Arabic grammar. The study began by
driving grammar rules that describe the structure of grammatical sentences. Based on these rules,

the authors implemented a parser capable of assigning grammatical structures to input sentences.

The dataset used in the study consisted of 70 sentences collected from Arabic documents, with
sentence length ranging from 2 to 6 words. The parser operates in three main stages: Sentence
decompositions, grammar identification, and parsing. Initially, the system uses automatic
categorization to break the sentence into its core components. Following this it identifies the

relevant grammar rules to analyze and determine the structural composition of the sentence.

There is also one work on the Arabic language known as an Efficient Transition Network Parser,
[38], focusing on analyzing and extracting the attributes of the language. Top-Down Parsing
techniqgue was used through a Recursive Transition Network (RTN). Additionally, a
morphological analyzer was incorporated to handle words not directly found in the lexicon. The
datasets used for this work were 90 sentences, and their word length was limited to six words,
and collected from a grade level textbook. The sentences were constructed to ensure gender and
number agreement, enabling the evaluation of the parser’s ability to correctly identify syntactic

structures of the Arabic language.
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Summary

This review gives an insight view on the sentences parsing research in Ethipian languages and
highlights advancemet of parsing approaches. Different studies apply diverse parsing thecniques
such as Botom-up probabilistic chart parsing; Top-Down parsing, and Hybrid models, showing
that no single method is universally ffective foe semetic and Cushitic languages. Most studies
relies on small datasets (70-352 sentences), limiting generalizability.Expanding annotated dataset
and using diverse sentence types improve parser robustness. Using grammar structures specific
to each language such as HPSG (Head-driven Phrase Structure Grammar) for Afan Oromo or
PCFG (Probabilistic Context Free Grammar for Amharic and Tigrigna is essenetial for accurate

parsing.

30



Chapter Four: - Design and Implemetnaion of Geez language Parser

4.1 introduction

This chapter describes the system architecture designe and implementation to address the parser for Geez
language. The architecture contains different components or modules and the interactions between the
parts. The chapter starts with the introduction part and discusses each component's function. The
explanation covers the purpose of each component, its functionality, and how it interacts in the system.

4.2 System Architecture

The system architecture of the Geez language consists of the following main components: the
input sentences part, grammar rule, Lexicon, sentence tokenization, word classifier, parsed
sentences and the parser function or module. This architecture ensures modular functionality

with each component playing a distinct interdependent role in the system.

Ge'ez
Grammar
Word categori] ~ Texicon
Input Parser
sentenc
fh
Word

-

Word classifier

\_ Word

4
Parsed

sentences

Figure4.1l: Architecture design of the parser
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4.3 Components of the system Architecture

4.3.1 The grammar rule

The grammar rule defines the formal Context Free Grammar (CFG) used by the chart parser to
analyze and parse Geez sentences. This grammar acts as the backbone of the parser by specifying
the syntactic rules and patterns that Geez sentences follow. In addition to this the grammar rule
provides a rule based structure to interpret the syntactic composition of sentences, allow the
parser to decompose sentences into hierarchical constituents (e.g noun phrase, verb phrase), and
enables the parser to validate whether a given sentence adheres to the syntactic rules of Geez.

A Context Free Grammar (CFG) is composed of production rule that defines how complex
structures (non terminals) break down into simpler ones (terminals). The grammar likely follows

this structure:

e Start symbol (Root Rule)- defines the highest-level structure of the sentence (e.g a
complete Geez sentence)

e Example: S—— NP VP, this means a sentence (S) consists of a Noun Phrase (NP)
followed by a Verb Phrase (VP)

e Phrase level rules: describe how main syntactic components are structured. Noun Phrase
(NP) includes nouns, modifiers, and Verb phrase (VP) contains verbs, Object, or adverbs.

e Example NP —> N|Nand VP ——> VNP |V

° N —> vvﬂ'q?u I "045"_“.'1-”' I
° v -> "(‘I’\ellll." | Ha'li,mn |

e When a Geez sentence is input into the parser the sentence is split into individual words
(tokens).

e The chart parser applies the Context Free Grammar Rule (CFG) rules recursively in a
Top-Down manner, and it tries to match the sentence against the grammar, building a

parse tree if the sentence confirms to the defined rules.
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4.3.2 Tokenization Process

Tokenization is the process of splitting a sentence into its individual components (tokens. This
step is important because the parser cannot analyze the sentence directly as a raw text string.
Instead, it needs tokens to match against the Context Free Grammar (CFG) rules. The parser
takes Geez sentence as a string. For Example “@7I0 27¢ 0441 4h0%'L.”, the sentence is
tokenized using python’s split () method (sent=PhraseToBeparsed.split()) this method splits
words by white space, producing [@710, 7Y, 049+, hOTL,]. These tokens are then passed
to the NLTK chartparser, which compares them against the defined Geez Context Free Grammar
(CFG)..

4.3.3 Lexicon

The purpose of the lexicon is to serve as a dictionary or repository of words with their part of
speech. Its function is to generate tagged corpus from the lexicon generator module and supports
the morphological analysis of input tokens. Its interaction with the components is to give
information to the word classifier and enrich the parsing process by providing context and details

for words in the input sentences.

4.3.4 Word Classifier

The purpose of the word classifier is to assign grammatical word orders, such as noun, verb, and
adjective to each token in the input sentences. The function of the word classifier is to utilize the
lexicon for determining the part of speech for each token. Its function is working closely with the
tokenization process and lexicon to ensure accurate classification and gives categorized tokens to

the parser for syntactic analysis.

4.3.5 Input sentences

The input sentence serves as the raw data to be analyzed and parsed by the system. Its function is
to represent the initial state that providing sentences that need parsing and supplies to the
tokenization process for preprocessing. It interacts with the system as an initial step for all

downstream processes.
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4.3.6 Parsed Sentences

This part provides the final syntactic structure of the input sentences after analysis. Its function
represents the output of the parsing process, formatted as a tree or another hierarchical format,
and shows how tokens are organized grammatically organized according to the grammar rule.
The interaction is after the parser generated the processing inputs through the grammar rules,

lexicon and the word classifier.
4.3.7 The parser function

The parser is the main component responsible for building the syntactic structure of the input
sentence based on the grammar rules. It verifies whether the sentence conforms to the defined
grammatical rules and produces a structured representation of the sentence. The functions of the
parser are taking tokens and their corresponding classifications (parts of speech) as input, uses
the grammar rules (CFG) to validate and build parse tree or equivalent structure of the sentence,
and produces a syntactic structure (parse tree) as the output. Its interaction is almost with all

components of the system that integrated for parsing process.

4.4 Top-Down Parsing Algorithm (psedocode)

Input: Sentence 5, Context-Free Grammar (CFG)

Output: Parse Tree(s)

1. Initialize the parser with the start symbol of the CFaG.
2. Tokenize the input sentence S.
3. For each production rule in the CFG:
a. Match the leftmost non-terminal symbol with a production.
b. If a match occurs:
i. Expand the production.
ii. Continue parsing recursively.
c. If no match is found, backtrack and try the next rule.
4, If the entire input is consumed and the derivation is complete:
a. Construct and return the parse tree.

5. If no wvalid derivation is found, return an error (unparsable).

Figure4.2: The Chart Parser algorithm (psedocode)
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The algorithm implements a syntactic parsing process using the chart parisng using the chart
parsing technique, widely used method for analyzing the grammatical structur of sentences. It
takes a sentence or phrase and a predefined grammar as an input and output a corresponding tree.
As its core, the algorithm uses the NLTK (Natural Language Toolkit) implementation of chart
parsing, which efficiently handles ambiguous or complex sentences by storing intermediate

results.

4.5 Mathematical Formulation
Formalize the parsing process with mathematical expressions where Context Free Grammar
(CFG) is formally defined as:

G=(N,%,P,S)

N= Non-terminal symbols (e.g, NP, VP)

2=Terminal Symbols (Geez words)

P= Production Rules (e.g, S—> NP VP)

S =Start symbol
Given an input sentence w = (w1, w2... wn), the parser checks if:
S=>xw
Where, S==* represents derivation through Context Free Grammar (CFG) rules.
4.6 Data collection

The data for developing a Top-Down sentences parser for Geez language was collected from the
book “Mezumure Dawit”. It is a liturgical text written in classical Geez, a foundational source of

the language. It provides:

e Rich representation of authentic Geez grammar and syntax
e |t preserves classical linguistic structure and diverse sentences types

e Being a well known source of reference
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Nearly 3000 sentences were collected from the book. The selection process randomly picked
from each chapter.For our study we use only 500 of them. The following table shows name of

phrases and their tagged names

Tableb5. 1: Name of Phrases and Tagged Name

Name of Phrases Taged Name

SNO

1 Noun Phrase NP

2 Verb Phrase VP

3 Preposition Prep

4 Adjectives adj

5 Adverbs adv

6 Conjunctions Conj

7 Pronoun Pron

4.7 System Imlementation
The parser is implemented using python on the Google colab platform, ensuring easy accss to
computational resources.

4.7.1 System Specification

e Operating System: Windows 10
e Memory: 4 GB
e Storage: 500GB

e Development Enviroment Python 3.10 on Google Colab

4.8 Experimental Result and Discussion

The parsing process needs a gold standard tree for different evaluation metrics, unfortunately
there is no such standard set for Geez language sentence parsing. We collect around 3000
sentences, but only 500 sentences were tagged by the language expert. The linguistic validation
and manual parsing for this research were conducted in collaboration with a Geez language
expert from Department of Geez, Aksum University. The expert holds extensive academic and
practical experience in Geez linguistics, with a focus on Syntax, grammar, and historical texts.his

expertise was instrumental in:
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e Validating the grammar rules: - Ensuring the Context-Free Grammar (CFG) used in the
parser aligns with the authentic syntactic structures of the Geez language.
e Manual Parsing:-providing a gold standard by manually parsing 500 sentences from the

Mezumur Dawit text for comparison with the algorithm’s output.

Based on the rules obtained from the experts, we try to parse the tagged sentences and get the

following results.

Tableb. 2: Parsed sentences by the parser

Number of Sentences | Correctly parsed Not Parsed Percentage

500 470 30 94 %

The following table shows the language experts parsed sentences result.

Tableb. 3: Parsed sentences by the language expert

Number of Sentences Match with the parser Not Matched with parser
500 490 10
Given:

e (old standard total (total constituents in gold standard): 490
e Number of correctly parsed trees (correct constituents): 470
e Total number of sentences: 500
Precision = (Number of Correct Constituents) / (Total Number of Constituents in Parser Output)

Precision=470/500
Precision=0.94

Precision measures how many sentences the parser identified as correct according to the expert.
The parser produces very few incorrect outputs; there is a 94% chance that it is accurate.

Recall = (Number of Correct Constituents) / (Total Number of Constituents in Gold Standard)
Recall=470/490
Recall =0.959 (95%)

Recall measures how many of the correct sentences from the expert’s dataset were successfully
parsed by the algorithm.This means the parser is able to capture all valid Geez sentence
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structures 95%. This indicates that the grammar and algorithm are including different types of
sentences.

F1-score = 2 * (Precision * Recall) / (Precision + Recall)
2%(0.94*0.959)/ (0.94+0.959) = F1Score=0.9499

The F1 score is the harmonic mean of precision and recall, offering a balanced measure of the
parser’s overall performance. The parser performs consistently well in both accuracy (precision)
and coverage (recall), With an F1 score of 94%.

Accuracy=Correct parsed tree /Total Sentences
(470/500) *100%=94%

Accuracy refers to the percentage of all sentences (Correct and incorrect) that were parsed
correctly.94% of the sentences were correctly parsed only 6% of the outputs were errors. This
reflects strong overall performance across the dataset.

4.9 Summary

This chapter covers the design of Geez language parser using a recursive desent algorithm. It
outlined the system architecture, formal grammar, tokenaization, parsing algotithm,

mathematical formula, the system specification, data collection and expermantal result.
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Chapter Five

5. Conclusion and Recommendation

Developing a parser for under resource languages like Geez is challenging, with the help of the language
expert and some literature review we are trying to implement a Top-Down Parser for Geez language.by
giving a structured methodology, which includes tokenization, word classification, and syntax tree
generation, the parser successfully demonstrated the ability to analyze and parse Geez sentences,

following the grammatical rules of the language.

The evaluation metrics applied, including accuracy, precision, recall, and Fl-score, gave a valuable
insight for the performance of the parser and indicating areas of strength and opportunities for
improvements. The parser’s capability to cope up different sentence structures and word forms was
critical in ensuring that it could parse the complexities found in Geez language. This indicates that the
parser needs more work to enhance the system’s performance; these include modifying the lexicon to
cover a wide range of vocabulary, refining the error handling mechanism and exploring the combination
of machine learning techniques to improve the overall performance of the parser. Besides expanding the

parser to handle more complex structure of the language is a valuable direction for future work.

As a conclusion this work brings a beginning cornerstone for sentence parsing in Geez language and
opens the door for further research and technological advancement in the field of natural language

processing for the sematic languages.
Based on the result so far obtained we recommend the following points

1. Expanding the data set: - Future researchers should consider the data set should include more
diverse setneces from different sources to improve the generalizability of the parsing model
Improve the parsing algorithm:- Top down approach can be integrated in to machine learnig
Developing a strong lexicon and Morhologica analyzer

Creating a Geez Treebank

o > P

Extending to other Semetic languages.
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Appendix

M<Prep>h.0712:4<V>:ah-£7<N>:9°0Mh<prep>::
®<Prep>h.21N4-<V>:010 £ 7<N>.P & av<Prep>:h0 27 1:n<N>::
ANAN<V>ATH.A<N>rAeao-<adj> " MNCH<V>:0009<N>::
NB-A<Adj> NAN<N> HAhL<V>N9°N4<V>1 LN % T<N>::

OHA Pao<V> @0 <Prep> 7 F<N>: DT h7<N>::

OHA'INL<V>: 0T <Prep>:a0 i1<N>:ao0 -+ 0\ P7<N>::
HGhav-<N>:h1<N>ATH AN C<N>: 290l k<V >

OHATI<N>: 10N<V>: 009N\ H<N>DAA A <N>::
OLhm-7<V>:hao<Prep>:00<N>: a7 <Prep>:ndt<V>:"iN<Prep>:ao-hH<V>:972,<N
>

10. a7t<Prep>:tm-UN<V>:4:4 <N>:NN<Prep>:1HY <N>::

11. @A><Adj>HIMNL<V> L4, A I°<V>::

12. ab<V>:hav<Prep>:H<Adj>: DT h7<N>::hh<V>:hao<Prep > H<Adj>::
13. HGAav-<Conj>:
hao<Prep>::o0d<N>:HLVh6<V>:14-N<N> AT 1A<N>9° & C<N>::
14. ONATT<Prep>:H<Adj>::aL T h<V>: LG T<N>: AL L T<N>::
15. @A T A<V >0 F<Pre>:9°nl<V>: AL $7<N>::

16. A9° 7 F<Adj>:ATINT<V> AchHAI<N>::

17. @VHANL<N>::100<V>:n7F<N>:

18. T 720<V>:2112721H<N> I C<N>::

19. @mavARN T 1L.<N>: 1 INh-<V> 90N P< Pre >:40d<Adv>::

20. M Th<V>A%"b1< Pre>:1a04U-<N>::
21.AM.A<Adv>::91.<Adv>NH+<V>AA< Pre>: 2R 1.<V>::

2205 7<N>:Pav-<V>:A60.9< Pre>:

283.+HD7<N>: SLAP<V>ATNNP<N>:

24 AL 11N .<V> h?°Afih.<N>::
25.7°1F0<Pro>:AM.A<Adv>:2° 0 20<V> A7 <>

26.0N< Pre [>:AP0nL<V>:AATH.ANduC<N>:NI°01<V> A L PP<N>::
27 .MAT° 1450LY<N>: AC hN<V>: A t<Adv>::
28.11UAL<V>:0N9°0'L.<V>: AN TP <N>::

29.L+P<N>:040<N>:Aaoh CM-<N>:Allh<

Pre>:9Mal ' +<Adv>:Hn14-<V>:Allh-ao-<N>::

30.09° 7 <Adv>: F4.P4<V>:h7P<N>:@V>ihdt<N>::
31.0A9°¢<V>:hao< Prep>:tONh<V>:ATH A NdC<N>:NAL R<N>::
32.AM.ANC<N>: 80T A'L<V>:0< Prep>:Ad-chir<V>ihU-< Prep>::
33.:H5>7<N>:AA< Prep>:2M0A-<V>:a0'<N>: PCALI<V> WG <N>::
34.1M0@-P<V>:NAANT< Prep>:NCYT1<N>:17h<N>:A7H.A<Adv>::
35.0mLLN<V> G2 hh<N>:@0rh< Prep>:Al1<N>::
36.A9°Gb<N>: 22CG L<N>: ML 7<N>: 0P NO<N>:NHI1<V>::
37.00A2°<N>:-E<Pro>:a0nN<V>: @A 1M-9°<V>::

©ENOO AN
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38.aNav< Prep>:hrt<Pro>:A7TH.A<Adv>:N-H04<
Prep>:Qch-k-h<Pro>:A1&Lhi<V>:
39.PAP<N>:hAI°A<V>ATH.A<Adv>::

40.0ARI°1'L.<V>: PA<N>:NANTP<N>::

417770 1L.<N>: A" AN L.<N>::

42.0a0<N>:"1bh< Prep>:AAA<V>:ATH.A<Adv>::
43.070h<N>:09°0'.<V>: PAL<N>::

44 NA0h<N>:A+@-9°<V>: P L7 h<Adj>:0ANTCh.<V>:Ah<Adv>::
45.a0ao<Adj>:AhTh<V>:h9°Ah<N>:HOa0Z: P 4.PC::

46.0A L7 12:4-<V>Ar£7<N> i 9°0hh< Prep>::
47.0~aL'1N4<V>:01% £ 7<N>:P & av< Prep>:hh 27 :h<N>::
48.A0AN<V>:AM.h<Adv>:irAeao-<Adj>MNCH<V>:0099<N>::
49.AM.h<Adv>:Na09 Th<N>: AP 24 <V >
50.0NaoPw G Hn<N>:h 1A L<V>::

51.04.00'1.<V>:ANoo< Prep>tumh<V>:h009°1-P<N>::
52.190¢L<N> - HU@-hi<V>:14.2:4.L<Adv>::

53.0n 71 '1.<Pro>:A7l.h<Adv>:Alh< Prep>:27al'r<Adj>::

54 . +aof?P<V>: 00N A<V>:A1:0P<N>::

55.0AL 11'L.<V>:NAT < Prep>:9°mhdéh<N>::

56.A000< Prep>:adN<V>:N@-0t< Prep>:9°1<N>:HeHhih<V>::
57.000N.ANL<N>:00'<Adj>:PhI°Th<V>::
58.04-chir<V>:N9° 7 80LY <N>::

59.0h 1A N<N>: Ao <Adj>:MA A <N>:04- TP <N>::
60.0mNATNAL<N>:ACAHNN<V>:9°00NP<N>::
60.0mNATNAL<N>:ACAHNN<V>:9°00NP<N>::
61.AMM.A<Adv>:A9°ANP<N>:lh<Adj>H@hAT<V> A 4724 1.<V>
62.MAL111.<V>:hA? A ao-<Adj> AN<Ad]>: 4 1.<V> D0 A'L<V >
63.hav< Prep>:aAL9° 2T P<V>:hav< Prep>:hA7NA<N>:AT9:0¢<N>::
64.7TH< Prep>:AAN<V>:HELTI<V>:MHLAAIh<V>::
65.A7H.A<Adv>:A9°ANP<N>:haoN< Prep>:hao< Prep>:H<Adj>MCh-<V>::
66.MAavL< Prep>:N<V>:0009<N>:@-01-t< Prep>:aL@-f<N>::
67.MAhav'L< Prep>:4.L 8NP av-<\V/>:AhA<Prep>: L4 . L '1.<V>Ah-P<N>::
68.0 LM L ¢'1.<V>:ANATP<N>: Ad-PP<N>::
69.MmLL,71G<V>:A4-P<N>:A19:09<N>: @& Ch<V>::
70.0L0.8<V>:-0t< Prep>:9°&C<N>:AhLm1-¢<N>::
71.AM.A<Adv>:ATHAI<N>: TP <Adv>:HANAh<V>:09°h<N>:NhA-<Adj>:9° & C<N>::
72.A0av:< Prep>1A0A<V>:00¢<N>:01hth<N>:ao A AN +T<N>:0127 1 <N>::
73.89°hd.<N>: 2L P<N>:0V15T<N>: A0 T80 h<V>: Ol chh<N>:NA %<
Prep>:AAh.<N>::

74.hoo< Prep>:17/71<V>:AAAh.<N>:0N14-h.<N>::

75.A0av< Prep>:74bh.<V>:07121<N>:7MNL<V>: hAN%h<N>::
76.0-C"1<N>:@hPa<N>:HAAh<V>:1LCh<V>::

77.9° 7 1<V>:@~hk<Pro>:0Nh<N>:heo< Prep>:HaE<V>::
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78.09° 7 '1<V>:030<N>:hooh fM-<N>:hoo< Prep>:thm-A<V>::
79.chP<Adv>:hchAZh<V>:hovAith<N>::
80.11N14<N>: @ ch<N>:hAAh<N>::
81.AT1L<N>:Ah<Adv>:ATH.A<Adv>:NA-<Adj>:ANP<N>::

82.m< Prep>a'11C<V>:h+Ae<Adj>:0Nh-th<N>::
83.414a\ch<V>: DA T hw 8,<V>:lh<Pro>::

84.m< Prep>alI°C<V>:AN9°h<N>:A0-A<N>::

85.00< Prep>:1MMa-<V>:ANA TP <N>: & 141 o< Prep>::
86.L.LMR<V>: ML T UTA<V> AP Lav< Prep>i1An<>::

87.ANav< Prep>:MCh<V>:AA4<Adv>: 4T hP<N>:@NPAP<N>::
88.m1MCh<V>:4.N< Prep>:avNCh<N>:ovh-71<N>:A & P<N>::

89. 1w A hav-<V>:AhhHN<N>: @ U TN <N>:LAFT<N>::

90.m< Prep>L2°N0h<V>:Nq9°ao-<N>:A%Nao<N>:FAI°<N>::

91.0< Prep>aM.aNdwC<N>tmhAh-<V>: A <Adv>HIAP<V>:AT1:0P<N>::
92.h0LA<V>:m0t< Prep>:aL0C<V>:hao< Prep>:24:<N>::

93.ANav< Prep>:G U-<Adv>: DT h7<N>: 0O €<N>:P0-fao-<N>::

94.m< Prep>a0tSAm-<V>:hchA-LIPov-<N>:@-0t< Prep>:9°174-L 1P ao-<N>::
95.hov< Prep>: 27L& ¢ Pav-<\/>:ACE:hT<N>:AN<N>:NA 29 F<Adv>::
96.A0av< Prep>:GU-<Adv>:Ha7T<Adj>:0é-0h<V> hAao- " E<Pro>:iw-k<V>::
97.MAL PN<N>:9"rF<Adv>:1N4<V>::

98. A M.ANdhC<N>:@0h< Prep>:ACh<N>:ovdL-<N>::
99.AM.ANchC<N>:@m-01h< Prep>:09128<N>:a0774.<V>::
100.ALh'1'.<V>:ATH.h<Adv>:ANao< Prep>: i :<V>"EC<N>::

101.0m"1£:<V>Y L2915 1:<N>h9°030:<N>haoh fa-<N>::

102.07 P <N>TG14:<V>hhG.:<Adj>9°NA:< Prep>hdh-<Adj>::

103.005 G4 <N>1chAT:<N>AN:<N>ONAN:<N> 2 FG14.<V>::

104.2 LCO7:<V>ATMANNC:<N>ANG G L <N>PchAT<N>::
105.0AANNT:<N>A7T:< Prep>2-0M0.:<V>1A<V>::

106.AN:< Prep>2MNA-:<V>G0N.:<V>ANGT1<N>::

107.a0h:< Prep>2Tath:<Adj>AM.A:<Adv> 100" <V>A700-4-<Adv>::
108.A0N:< Prep>?7al.'t:<Adv>Tav 8T :<V>120h<N>A90< Prep>::
109.A0N0:< Prep>2Talh'r:<Adv>hA'1NC:<V>UHT<V>m0t:< Prep>TInf<N>::
110.07TAALL:<V>ANC:<N>hA-:<Adj>h7TL<Adv>::

111.a0h:< Prep>2Tath:<Adv>2190%:<V>AAATP:<N>A0NP< Prep>::

112,98 L' L:<V>0N09°0'.:<V>hM.h:<Adv>h7°AN P <N>::

113.L00:<V>ANL: <N>NAMN:<N>AANN:<V>ATM AN duC<N>::

1147104 <V>@Ln(-:<V>N9° 70 P ao-<N>::

115.A0M:<V>HL ML <V>AW G &1 <N>hAM:<V>Dh.hch §.<Adj>::
116.A7H.ANdC:<N>h@A:<V>A7°071L:<N>AAN:< Prep>ain:<N>haoh f@-<N>::
117.hav:< Prep>2ChL:<V>hav.<
Prep>0:<V>mNA:<N>H? 122 22 <V>AaTH.a N dh C<N>::

118.A M. A:<Adv>on'<Adv>P 12 C:<V>m0t:< Prep>AAdeTh<N>::
119.mav:<Adj> LAAAN <V>D-0r1:< Prep>L-Ad:<N>avdLan<N>::

46



120.HPAhD-C:<V>N7Ach:<N>D S MC:<V>A & P<N>::

121.0HL 1 NN<V>: A &P <N>Ak<V>::
122.MHAAMAD:<V>NAANT<N>::

123.MHA ML <V>ANP:<N>4.0:< Prep>MA-<N>::
124.0WHALAON:<V>AT?79.U-<N>::
125.APN'L:<V>AM.A:<Adv>hNev.< Prep>n.fh<Pro>tmhih-<V>::
126.4NN:<V>AATH.ANdC:<N>ATH AL <N>ha71T<Pro>::
127.A0gv:< Prep>h 4. P L:<V>AwG 2 P<N>::
128.0P L&A 7:<N>AN:< Prep>m--t:< Prep>9°&C<N>::
129.10MNch:<V>h-a:<Adj> 9L <N>0A0A. P o< Prep>::
130.0°H1:<V>L PP av-:<N>DAI*H:<Conj>a0t+4mr<V>::
131.AM.A:<Adv>09°0"L:<V>AL PP <N>::

132.mA%X av0':<V>A0TC:<N>HANT:<V>NMNG95 L <N>PchAH<N>::
133.49°P L av:< Prep>14h:<N>L2MOh:<V>4TchP<N>::

134.00 2710 L:<N>Chf:<V>A & Ph<N>::
135.h@ANL:<V>AA T <N>®4LATh:<V>ANNP<N>::
136.AavhCh'L:<V>Dh HLhN:<V>0029:<N>MA0MP< Prep>::
137.hav:< Prep>n 2 NN:<V>h4-C:<N>7NL:<V>0710:<N>haoh £ D-<N>::
138.0a7%7 1< Prep>#A:<N>h94Ch<N>::
139.04.PCh:V<>AM.h:<Adv>ITEAP<N>::
140.ATMH.ANC:<N>"18AAL:<V>OAD 70 :<V>Dav & 1P <\/>::

141.49°ANC <V>ML8A.L.<NV> 16N <V>DAD Y.<V >Dav & 1P <V >
142.29°ANP:<V>D L5500 <NV >DATPhi:<V>ME<Pro>::
143.0A9°ha0730:<\V>DPCT:<V>ch LT :<V>mI° N 2P <>::
144.4°1t:< Prep>0N:< Prep>APonL:<V>AaM.aNduC:<N>AL1T:<V>h°0CP<N>::
145.271HL:<V>204:<N>9°<N>::
146.0®-h.H:<V>%av9:<N>PFPh'L<V>::
147.011H1.:<V>404:<V>N.hd<N>::
148.2.076n:<V>ATHANC:<N>N0AT:<N>9°740Lh<N>::
149.0L2.+¢9°:<V>Ah:<Pro>0ao-:<N>An?°Ah:<N> Lo PN<N>::
150.0L.4.'1:<V>Ah:<Adv>L.L& v <N>haoP L <N>::

151.0A9°A ¢ 7:<N> L2 FdhGh<V>::
152.0LHNC:<V>Ah:<Adv>ir-Ae:< Prep>ao 2P o h<N>::
153.0m TN <V>An:<Adv>P-CO'Th<N>::

154.¢ UNh:<V>AM.aNchC:<N>Hhao:< Prep>AMln<N>::
155.0L4.89°:<V>Ah:<Adv>ih+Ae:< Prep>/9°Ltn<N>::
156.07T4.210:<V>NAL 19 Fn<N>::
157.@100.:<V>Nhoo:<N>ATH AN duC:<N>A°AR1<Ad)>::
158.ML.4.29°:<V>Ah:<Adv>h-A=:<Adj> 9L h<N>::
159.074.1ch:<V>Na L 15 Fh<N>::
160.@700.:<V>Nhao:<N>ATH AN duC:<N>AZ°AN'1:<Ad)>::
161.m2.4.29°:<V>Ah:<Adv>ATH AN hC:<N>h-Ae:<Adj>0AATh:<N>::
162.AMH.A:<Adv>N"12AN: <N> 2. 1ch:<V> 72 <N>::
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163.MNH 1:<Adv> LT hw £,:<V>Nh L15 Th<N>::

163.MNH 1:<N>Lchw £:<V>Nh & 15 Th<N>::

164.9 @+ <N>190:<N>D UNh<V>::

165.m0AA T <N>hG G4 U <N>hhAAh<V>::

166.A000:< Prep>NAchh:<V>0NLh:<N>wG 8 <N>::
167.mA7NCH:<V>hanNA:<N>4.0:< Prep>Cah:<N>HAZ°O 74 <N>n-C<Adj>::
168.ch&.m:<V>ONhAh:<V>D M h<V>::
169.01P1:<Adj>a0PoiN.<N>A%GNao:<N>FGAI°<N>::
170.00.2:<N>0N4-:<N>NA L 15 Th<N>::

171.89°AN0:<N>hA9°ANC: <N>1AL'L:<V>DAI° 7 <Adv>"127'1.<V >+
172.CchP:<Adj> A" AL 1510 <V> LA <N>TT A FP<N>::
173.09°ANP:<N>Ad-chihr:<V>"ilbh:< Prep>0AT?:<N>mh.N?700'L.<V>::
174.000. 101 <N>PL2%h:< Prep>@1LANL<N>::
175.0.fn:<Pro>t@mhéiir:<V>aANR'1<N>::
176.-FohA-n'L:<V>Oh L& 1Thao-<\/>::

177.710h:< Prep>ACdv:<V>0 L 1'-<V>::
178.0.£h:<Pro>tmha-:<V>0h 1 194-<V>::
179.7°10:<Pro>06%:<N>mhh:<V>Ala<N>::
180.AM.ANC:<N>L LAl L:<V>DANN:<VSHe T T A'L<V>::
181.@-0t:< Prep>MNduC:<N>270-C:<N>VP:<Adv> L1 4'L.<V>
182.@°1N:< Prep>27¢:<N>04GT:<N>h01'L.<V>::
183.90M:<V>A19090:<N>mavCh'L:<V>E G T <N>A & P<N>::
184.0A°7H:< Prep>Qav:<N>H.AU-<Pro>::

185.Aav'.:< Prep>chCir:<V>ThhA:< Prep>AAde+t:<N>9°<N>::
186.4.L4.CVP:<V>NarL:<N>ANov:< Prep>a'rt:<Pro>9°0A.¢< Prep>::
187.0AM.ANC:<N>7° & C:<N>N9°ANh<N>::
188.9A9°'L:.<N>mh-N-av-:<Adj>hA:< Prep>L1Na-:<V>m-0-tr< Prep>::
189.mm@ A E:<Pro>N0chC:<N>v1d4-<V>::
190.0NAFA?' L <N>m®-AE:<Pro>hd7h<V>::
191.001:<Adv>P0C7:<V>m-0t:< Prep>L2AL:<N>AMH.ANhC<N>::
192.mavY:<Adv>LPm-9°.<V>mN1:< Prep>avh'i:<N>ovdL(-<N>::
198.H74-ch:<V>AN<N>® 74 ch:<V>AL P U-<N>::

194.71h:< Prep>aH.A:<Adv>h7P0L0:<V> 1907 <N>A AN P <N>::
195.mn.£h:<Pro>tmhih:<V>aTHha:<Adv>Dh L 14.C:<V>AGAI°<N>::
196.0A.L T /7 hd'L:<N>AAAT-P<N>::

197.A0gv< Prep>hriran-<Adj>AN:< Prep>: S04.m:<V>h S 14.4.<V>::
198.02 1 hé.4:<V>hhrov<Adj>AN:< Prep>Lai:<V>HAL.<Adv>::
199.493¢ 1. <N>ATH.A:<Adv>hg°Lh.<V >

200.mAw L:<N>H.an:<Pro>2°0d'1.<V>::
201.09°Ch'L:<V>NA & Ph<N>::

202.9 3 ch:<V>A :<Adv>aM.A:<Adv>aNor:<
Prep>h70:<Pro>Ne@m-0-1¢::<N>hadh@-C<V>::
203.otohAir:<V>NATH.ANC:<N>hav:< Prep>a SLng°<V>::
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204.6 11 <V>hM.A:<Adv>Dhoonl'L<V>::
205.6317:<V>ANP:<N>mih-A L TP <N>::

206.hav:< Prep>9°étn:<N>PLav:< Prep>hd 2710 <N>m-h-k<Pro>::
207.0+4.P1chihr<V>:NAL 15 Fh<N>::

208.0n.' 1NCh-:<V>m-0-1:< Prep>0m-2:<N>h7E<N>::
209.0n.0h:<V>9"0A:< Prep>0776£7<N>::
210.00AN-:<V>71NL4:<N>Ah-£7<N>:

211.0A.%1M1MNC:<V>9"0A:< Prep>ANhPI<N>::
212.08710N:<V>0M 1 NA-ch:<N>AL@D-P<N>::
213.0h0@-£:<V>9° 2PN <N>ATH.h<Adv>::

214.hav:< Prep>an?10:<V>PNA:<N>01Ah-th<N>::

215.mhav.< Prep>711C:< Prep>intf-:.<Adj>a0 iNCh<N>::
216.AM.A:<Adv>AGPChe:<V>21:<N>Fh<N>::

217. A M.ANhC:<N>9°haoG:<N>Ah L@ TC:<N>9° 71 1:<Adv> £ £ 770'.<V>
218.0N:< Prep>LPCN-"1.:<V>ah-£7:<N>LNA0-"L:<V>2 IP<N>::
219.20ATPN:<N>AN:< Prep>221PRL:<V>hao-:<Pro>Lhoo <V>0@ & ¢<V>::
220.Aav":< Prep>ANa'L:<V>1%21.<N>n L4.CUL<V>NNP<N>::

221. adht:<Adi>AANNL <V >AAT.ANAC: <N>ON L1 :<Pro>:a L 1272 2<V>::
222 hav:<Prep>a1£C:<V>t: <N>AATH. AN C:<N>0h-A-<Adj>aoPhh: <N>ch L9 <
N>::

223.71bh:< Prep>alha:<Adv>Ad-chit:<V>h9ANS:<N>Dh TAgvav’ <V >::
224.09°0'.:<V>haM.A:<Adv> £A:<N>NANTP:<N>HALMNI:<V>1bh< Prep>::
225.00:< Prep>a7/2h:<V>02.0-0:<N>NACh:<N>ovPLhn<N>::
226.0.T0hN:<V>9°0A:< Prep>>Th7:<N>AT1G09<N>::
227.0h11L4.1.:<V>9"0A:< Prep>MCt:<V>0a09<N>::

228.a0:< Prep>21G14:<V>0Aap:<N>9°0A:< Prep>N.Aago-<N>::

229.A9°& h-:<N>AATMANC:<N>@D-A-L:<N>A%TA\ A <N>

230.4A9°& h:<V>AAT.AdwC:<N>01A:<N>ch &1 <N>::
231.01%:<V>Aha7.aNhC:<N>N0AL:<N>aoPLA-<N>::

232. #0:<N>ATM.ANC:<N>AA:<N>7 £ <N>::
233.A9°Ah:<N>0 1 <N>A 7L L<V>

234. A M.ANhC:<N>AdA:< Prep>21 21 :<N>M-1<Adj>::

235. £0:<N>A AN hC:<N>N10N2:<Adj>01Nch<N>::

236.0 L P TPM:<V>ATM.ANdC:<N>AACH:<N>ANTN<N>::
237.anh-th:<V>aIH.h:<Adv>hANoo.< Prep>tonghi<V>::
238.00A:<V>AA0¢:<N>h LN Sh1L<V>:::
239.A7M.A:<Adv>h@-9AN0:<V>A9°MLAN <N>AT16NP<N>::
240.00 " 11'L:<V>h9°aN:< Prep>2mCAS :<V>m0h:< Prep>7M4-<N>::
241 .09°¢:<V>AAM. A NchC:<N>AL P'1<N>::
242.071%:<V>ANLL:<N>P-A-k<N>::
243.0.£h:<Pro>tmhAn:<V>haM.hA:<Adv>0a L1 14.C:<V>AFNI°<N>
244 MNA &Pn:<N>hT774.1.:<V>D0Ah'L.<V>::

245 0K 9°0:<V>AH'1n:<N>"10P:< Prep>@am-7:<Adv>aLch'l.<V>::
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246.001'1r:<V>na9"An? . <N>@ao &7 <N>::

247. 00+ :<N>A®7¢:<N>hao:<> F &41'L.<V>::

248.A0av:< Prep>"5LA00:<Adj>®A7Y:<Adj>n"TH<Pro>::

249.0477t:< Prep>02°h:<N>2°Ch'L:<V>0AN L.<N>::

250.00 HD'L:<V>A M AN C:<N>AI°AN:<N>A & P<N>::
251.00:<Prep>-t 1N A <V>“ilkL:<Adv>A0AL< Prep>::
252.0:0-%7:<Adj>haN:< Prep>1t121:<V>heav-.<Adv>"1mM.hfa0-<V>::
253.maN:< Prep>a.chN:<V>A-ao-:<Adv>iAe:<Adj>1,2¢a0-<N>::
254.+6-0:<Adj>NAaN:<N>Hh AR <V>het:<Adv>ATH AN b C<N>::
255.MHAAN:<V>KX AdvT:<N>@01:< Prep>AM<N>::

256.ANa0:< Prep>hCovd°n:<V>NAL:<V>hho9° TP <N>::

257.49°"1:< Prep>aAACh:<V>iA-:<Adj>h1L<Adv>::

258.a0av:< Prep>and-t:<N>0MA A <N>nL1:<V>haLh:<N>A0AP< Prep>::
259.m+ao? T h:<V>AhCT9°G:<N>0N:< Prep>m7ha'L:<V>7h<N>::
260. 4.2 dh:<V>AL 2 1<N>NAM. AN C<N>::
261.00T%7:<Adj> L LA P av-. <V >ANC<N>:
262.71%:<V>0aTH.ANdhC:<N>Nao\ 7 $<N>::
263.mNov'Have-C:<M>HOWw C::<Adj>Ad 36 U <N>HI ¢ <V> Ak <Adj>::
264.00NhL:<V>0Nht:<V>h80N<Adj>::
265.09¢:<Adj>H7° ¢ <V> 0PN <V>Aek<Ad)>::

266.A0ov:< Prep>A & d:<N>PA:<N>AATH.A N C<N>::
267.0-0:<Adj>7N4:<N>0Y £775F<N>::
268.24.PC:<V>aM.aNdwA C:<N>A & +:<N>DI°A P-+<N>::
269.A0CH:<V>NAM.ANdC:<N>0iA-:<Adj>1H<N>:

270.0HA L. <Adv>0lhL:<V>o-01:< Prep>n4-P<N>::

271 .0AaM.ANC:<N>ThNC:<V>1910P<N>::
272.809°0-:<V>PPY 7:<Adj>® @ T4 /7 ch-<V>::
273.00022:<V>AAM.ANC:<N>9°0Af< Prep>::

274. 0G0 <V>0T°:<N>"1(L<Adv>::

27510 a2 <N>AA T ANC:<N>O AT @'L<V>::

276.0A° NN <Adj>7° 1400 :<N>Ah &7 1'1'L.<V>::

27791922 av-:<\'>hM.h:<Adv>Ahn:< Prep>£19:0-1.<V>::

278. 8 Nhav-.<V>AM.h:<Adv>Nhh:< Prep>LaAa'l<V>::
279.791h:<V>OA F:<N>0i-G1:<N>01 77 h:<V>0-0F:< Prep>L8.athP<N>::
280.7°41:<V>024.0:<N>@ 0 1-av-:<\/>Ahh:< Prep>(C 4. 1.<V>::
281.0A:<V>A1409:<N>~a'T:<Pro>m-a-k:<Pro>44h.h.<V>::
282.02°1"14.4:<V>D L 104 <V> Ao <Adj>hh:< Prep>¢ 122 /2 P.<V>A1900<N>::
283.0&MMNh-<V>L&1b P av< Prep>m&114.4-::<V>hh:< Prep
>aong.:<V>ah-?:<N>A0A.f< Prep>::

284.0&"1:<V>hav:< Prep>ANA:<N>HPLav:< Prep>14:<N>'14.0<N>::
285.2100:<V>5Th:<N>OHP £Och:<V>Chn<N>::
286.00NNM:<V>GC U <N>AM.ANC:<N>P &av:< Prep>hdL7L U-<N>::
287.a0av:< Prep>Ach®:<N>NAAT<N>::
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288.0M:< Prep>1&nn:<V>"imhatk:<N>LANA<V>::
289.#M:<N>n4-U-:<N>0009:<N>®"chrT<N>::
290.0A. 4.+ L:<V>LAN<V>hav:< Prep>fwi<V>::
291.0710¢:<V>0009:<N>0N@-01:< Prep>2°nafl-<N>::

292 . mPav:<\V>NEGT:<N>a71:< Prep>Nit-t:<Adj>hh1:<V>w G2 <N>::
293.0n 2 U f:<V>AAh T<N>::

294 A M.A:<Adv>NN77¢:<N>"TvAh<N>::

295.0 T PGh:<V>A0A:< Prep>han-£i<Adj>::
296.00TPGh:<V>A0A:< Prep>1NCt:<V>0a09<N>::
297.aNav:< Prep>hav:< Prep>U10C:<N>&m7:<Adv> L0 NN-<V>::
298.mhav.< Prep>chav\7100:<N>hI° N <N>Gmr7:<Adv> L@ d<V>::
299.-F@h\:<V>NAM. AN C:<N>OINC:<V>PGP<N>::
300.mf£ 1L Lh:<V>4.0:< Prep>9°&C<N>::
301.mLCoH°N:<V>A4.0:< Prep>2°LC<N>::
302.+4.21ch:<V>NATMH.ANNC:<N>® L@ UNh:<V>NANT:<N>ANh<N>::
303.a2771:<V>AaM.ANdhC:<N>GF Th<N>::
304.-tmhi\:<V>0-k:<Pro>m®-a-k:<Pro>21MMNC:<V>Ah<Pro>::
305.AM.A:<Adv>Naoath:<N>a P04 L<V>::
306.maPAGHN:<N>h A 12A'L<V>

307.A0av:< Prep>achAh:<V>LF4'1.<V>::

308.maX GAN:<V>hALN:<N>A0NS< Prep>::
309.mAAN:<V>4.@0:<N>A 29:<N>ha9°1A4:<N>av9Th<N>::
310.mAANM:<V>NA9°: <N>AAOOI°TC:<N>AT 1A <N> 1T h-P<N>::
311.a0ev:< Prep>91:<N>A2° A2ACH <N>CANY:<N>D,2 8P <N>::
312.hav:< Prep>AC:<N>hlk£:<N>n1L:<V>A0A.¢< Prep>::
313.40:<V>h0PN:<V>h4-P:<N>hov:< Prep>ha.Licht:<V>NAATP<N>::
314.00NCH:<V>0P0:<V>Ah4-C<N>::

315.00:< Prep>@t2mav-'1:<V>3Th7:<N>P£o9¢< Prep>::
316.1TAao9°h:<V>maThtTh:<V>ChhP<N>::
317.0hCaoP*n-:<V>AwW G L<N>::

318.0+hLN:<V>RNAP<N>::
319.09°¢'L:<V>AN?:<N>ND-NTP<N>::
320.2".A:<V>A9hnP:<V>AAMH. AN dhC<N>::
321.09°0'.:<V>®-taofm'L<V>::

322.m09°0'.:<V> £A:<N>0ANTP<N>::
323.mhm-0~'.:<V>hI°OHP4:<N>hCT9°G<N>::

324. AKX N-C:<>AI°OHPT:<N>hCT9°G<N>::
325.0aP 9" 1:<V>m-01:< Prep>irittch:<N>AATCP<N>::
326.0AR" 18 T:<V>haonf LP<N>::

327.0mLL:<V>m01rt:< Prep>a4¢:<N>01ht:<N>h8 ON<Adj>::
328.01 At U <N>AAP°AR'TI<N>::
329.8Ch%<V>HHD T <Ad]>® LG CU-<V>::
330.m8Fmhh:<V>NATHANdC<N>::
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331.0:0-A:<Adj>NAN.:<N>HNa0:<N>ATH AN C:<>NT@-ndA <V >::
332.0:0-A:<Adj>HLAN:<V>A0A:< Prep>14L:<N>m7°0h. 7<N>::

333.a7°0A T <N>ahT:<Adj> £ £19:<V>A M. AN C<N>::
334.AM.aNdwC:<N>P0PN:<V>DP h 2P :<V>DLN2:<V>8.0M:< Prep>9°LC<N>::
335.mA. LM hA:<V>m0t:< Prep>aL:<N>AAA U-<N>::
336.A7H.ANdC:<N>LL L& h:<V>m0T:< Prep>aé-t:<N>chao-<N>::
337.mLav 8T :<V>Ak:<Adv>h-A-:<Adj>2°N1N, U-:<N>AJ°LP U-<N>::
338.A70:<Pro>aN:<V>hA7.h:<Adv>+211 AL<V>::

339.hov:< Prep>fL4.4.9C:<V>UPN:<Adj>"1N:< Prep>h7Po-t:<N>701<N>::
340.h?70-:< Prep>24.+C:<V>1909:<N>"1l:< Prep>a7h.aNduC<N>::
341.29°hT:<V>190¢:<N>"1:< Prep>ha9°An.f:<N>ch fm-<Adj>::

342.9 180 <Adv>ANA ch:<V>Dhbh . <V>14:<N>AhI°ANP<N>::
343.0.02:<N>n'1'L:<V>aTN0P: <N>av %N+ <N>DAAH<N>::

344 . hhav:<
Prep>2MNA-1.:<V>iA-:<Adj>h71.4:<Adv>h &b <Adv>D-Ak:<Pro>a?°Anh<N>::
345 07 1:<Adj>THh.L0:<V>ThomT:<V>1602:<N>NA0AC < Prep>::

346.A00v:< Prep>alm-a:<V>m-0-t:<
Prep>aon7:<N>2742.4:<N>0AchF:<N>(b4:<N>A7THANhC<N>::

347 0PN <N>n.7:<N>ON TG 22071 <N>L£9°0:<V>hN:< Prep>L71M4:<V>N9A<V>::
348.09° 7 <Adv>TEnl.:<V>1900:<N>®A9° 71 <Adv>1+Ud-h'L.<V>::
349.Aav':< Prep>Na“IH.ANhC:<N>hav.< Prep>a11:<B>Ak<Adv>::
350.A9°ch' HN:<N>®-0-77:<V>h9°K &P <N>::
351.A2°NAN:<N>0779.:<V>OAAD-:<V>0MAh'L.<V>::

352.a0av:< Prep>art:<Pro>a?°Ane:<N>@ 1A <N>::

353.09° 7 <Adv> 11 &1L <V>OAP° 7 <Adv>Th-HE: <V>ha 70 <V >::
354.00:< Prep>fLan 12 (\'1.:<V>0CP<N>::

355.4.':<V>NCT 7h:<N>@X & Ph<N>::

356.4%1 7k <Pro>29°CAh'L:<V> LN <V>LANL:<N>and Lhh<N>::
357.m@0t:< Prep>aflftn:<N>h7H.A<Adv>::

358.ANMA:<V>"1l:< Prep>2° A P%U-<N>AAM.ANchC<N>::
359."1N:< Prep>h9°An.C:<N>HANTG 22 h:<V>AD-CH TP <N>::
360.A71.:<V>Ah:<Adv>a2°Ane:<N>NaoN 7 H<N>::

361.049° 7 <Adv>TEnl:<V>1900:<N>mA?° 71 <Adv>1+Um-h'L<V>::
362.Aav':< Prep>NaH.aNdhC:<N>hav.< Prep>alL:<V>h-k<Adv>::
363.00L71'h:<N>1XP:<N>ha2° AN <N>::
364.AM.h:<Adv>0210'1:<V>NAHL'I<N>::
365.0ANL 1L <N>H'1m-1<V>::
366.7N4:<N>HMCh:<V>NaoP AV a0+ <N>NaoP oA :<N>Th-<N>::
367.aLn:<N>wlm-t-av-:<V>A0C:<N>®-Hndh:<V>h £ 1P ao-<Pro>::
368."1+ Lhav-. <V >AhhH N <N>DAL L hao-<V/>::
369.HA0:<V>NGFao-<N>DLNP:<V>AP° L C<N>::
370.mavHé-htav-1:<N>h L& 15 av-<\/>::

371.0A0A:< Prep>2277n:<N>maoHé-07Tn:<N>ONCY '1:<N>143h<N>::
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372.a0av:< Prep >tYv\hav-<\V/>::
373.a7<Pro>m-art::<Pro>71 ¢ .<N>mh9°AnP<N>::
374.Hh'HHh:<V>ao & 114 <N>ALOPN<N>::
375.Mn:<Pro>1® 7 hao-.<V>Ai-Aeao-.<Adj>0C'1<Adj>::

376. 120 <NV>0NC:<M>PA:<N>WPGP<N>::
377.0AT.<Pro>a? L 0:<V>MMCY . <N>AT71A<N>::

378.hav:< Prep>PAar.<N>Ahéb: <Adji>HMNAMN:<V>LA ha:<V>ANTP<N>::
379.2°L'L:<V>Ahf:<N>A DN L:<N>0630:<N>haoh <M >::
380..1n0m:<V>9"1N:<N>A9°hG ¢ én<N>::

381.0a7 < Prep>H:<Pro>04hh:<V>ATH.AaNdC:<N>AGAI°<N>::
382.¢71:<V>NL24.0n:<N>" 12N <N>@-0rh:< Prep>ch® h<N>::
383.077h:<N>mNAhLSh<N>::
384.ACTFO:<NV>twi-ch:<V>® 712 <V>::

385.Na71:< Prep>A &¥:<N>mCT6:<N>0f @ U-1<N>::
386.mL%avChn:<V>0Mht:<V>P77h<N>::
387.AchAn:<V>0chd\:<N>(8):<>"1A<N>::
388.a2°An"T:<N>"1SAT:<N>DAD 7 1<N>::

389.M4 40 1:<V>M-hE:<Pro>N9° 740 7:<V>HahN:<V>4. £ 4. L<Adv>::
390.NA71:< Prep>H:<Pro>a74.CU:<V>Ahav:< Prep>ha&APAd-:<V>9°LC<N>::
391.mAAav":< Prep>4.A0r:<V>aL0C:<N>@-01:< Prep>AN:<N>0hC<N>::
392.29°0:<V>mTh9°F:.<V>27 0 1P ao-<N>::
393.mALAPAL:<V>ALNC:<N>AT 180 <N>::
394.4.N7:<N>HL®ch'H:<V> 20T boNch:<V>U14:<N>ATHAN W C<N>::
395.4L0:<V>112.:<N>N0-A<Adj>::

396.AM.ANC:<N>®-01:< Prep>?TahA:< Prep>aTumn<V>::
397.0mLL L& h:<V>ATM A NduC:<N>G A ao<N>::
398.1-Anao-<Adj>hhHN:<Adj> TG dhv:<V>hLPHav-<N>::

399.mP NN <V>AATHANALC:<N>NPA: <N>T 0 ch<N>::

400.A0av:< Prep>A0-0\:<Adj>®74¢-9°:<Adj>ATH.ANdhC<N>::
401.0717:<Adj>0N L. <Adj>@At:<Pro>N.N:< Prep>i-A-:<Adj>9°&C<N>::
402.07LL:<NV>AT:<Adv>AchHN:<Adj>@®chHN:<Adj> Fch T:<N>~A16'1<N> -
403.071481:<V>Ak:<Adv>ACNHE<N>::

404. /79 :<N>ALO0LN:<N>HhGPL<V>::
405.0C1:<V>AM.ANMC:<N>N200L<N>::
406.MATMAT:<N>NPA:<N>PC7<N>::
407.H9°4:<V>An?°AnT:<N>HI ¢ <V>::
408.H9°4¢:<V>A71°1:<N>H9°¢-<V>::
409.0N2.:<V>aM.aNduC:<N>ONH1:<V>ahebF<N>::
410.01074:<N>a92°An'1:<N>NLANL:<N>aoP L-<N>::

411. 2% HH:<V>T &2 chb:<V>AA:<Adj>9° & C<N>::

412.0 &0 <N>A7:<N>N10:<N>aoNd<N>::
413.014:<N>A7F:<N>0N&<Adj>::

414. 2 M.a N C:<N>PA?°C:<V>n04."1 :<Adj>0N:< Prep>taomm-P<V>::
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415.A0av:<Prep>G U-:<Adv>11/21:<Adj>2° £ C.<N>+ INh<V>Daok h-:<V>"i-L<Adv
>

416.A0v kA <Pro>H71:<Adv>Chfao-:<V>hThé<V>::
417.2°710:<V> m4.CU-<V>i®h THav-:<V>LANFGT7<N>::
418.mhao-:<V>NUL:<Adv>hav:< Prep>a?t:< Prep>TmAL<N>::
419.09°0-<V>U7rt:<Adv>h-A\hoo- < Adj>hN:<
Prep>11N¢:<N>m-0t:<Prep>9A9°::<N>

420.00:< Prep>Nh@-Cthnav-<N>L+EP:<N>030:<N>havch f@-<N>::
421. A N0 T <N>@1508'1.<N>::

422 040 <N>L217C:<V>TNN<N>::
423.010.9:<N>AMNC:<N>7°nld<N>::

424 AR 9°0:<V>9° AN <N>NAH TP <N>::

425.manh 7 <V>NaoHao-C:<V>T1CP<N> -

426.09° 7. <Adv>hd.CU:<V>a9° 00T <N>hAh T <N>::

427 i <N>OheGe:<N>07H'1.< V>

428.AN:< Prep>@-hao't:<V>N"1LA~ao-<N>::

429.0 L1 14 <V>NNH1:<N>MNdA-gp-<N>::
430.42°A0:<N>A2IA T <N>AMANAC:<N>100 : <N>OADF:<V>A9° & C<N>::
431.A° 224 P:<N>0-hL:<N>AOn'T:< Prep>04N<N>::

432.MAP° K7 :<N>221:<N>01h-1 U-<N>::

433.AM.ANdCO:<N>1Y1 :<Adv>LapR h<V>::
434.009°ANT'L:<N>ALLI°I<V>::
435.A01:<N>212:2:<V>P &< Prep>::
436.0@-£.'1:<V>0@-0:<N>MH"1<Adj>::

437 .LA@0-h:<V>AN71L:<N>NA0A-< Prep>::
438.0A9°L:C'.:<N>hav:< Prep>8h=77:< Prep>chHN<N>::
439.A0F I Nh:<V>Ak:<Adv>A L P1-<N>::

440.A0:< Prep>£1MN&:<V>ao 2 PHt:<N>HNch'<N>::
441.2'174:<NV>0?121:<N>& & ¢:<N>H. A U-<Pro>::

442 hhao:< Prep>aH.aNduC:<N>avine 7 7. <N>@-hAk<V>::

443. 110N L:<V>hM.h:<Adv>(hor.< Prep>00f:<N>“1vdh<N>::
444 mNhoo:< Prep>N-H1:<V>9°héTHn:<N>L9°00:<V>"Im.a TP <N>::
445 1001 <V>Oh A h'L:<V>A9* 1 FP<N>::
446.0A7°hNAL:<N>ATA A'L<V>::

447 .ANao:< Prep>NAYL:<Pro>hh?°C:<V>1.7 80 <N>::

448.07 1M.ATP'L:<N>P£710:< Prep>®-a-k:<V>Nihtd:< Prep>7h<>::
449.0h:<Adv>Ach-tHh:<Pro>anhi- i <V>0ah-?'1:<N>0+£2%h:< Prep>MCh<V>::
450.hav:< Prep>Ta & d:<V>010ANh:<N>®1TA:<V>0h-1'sh<N>::
451.aNav:< Prep>S U-:<Adv>N"imat:<N>+010h<V>::
452.mN0a29:<N>DALA"L:<V>hI°P<N>::

453.a0av:< Prep >GU-:<Adv>A & P:<Pro>adPCh<V>::

454 HA L H1I0N:<V> 1 A:<Adji>TNNh:<N>A L 80hL<V>::

455 17U <V>NAHAN:<N>DATIA th<V>::
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456. 17 100'L:<V>A9°NLL <N>DAAD45-<V>::

457 . 309°0'L:<V>T G 7 chh:<N>mh?bH<N>::

458.0 L1 4o dv: <V >0 009 A1 <N>A L P 7<V>::
459.77.7:<V>1Ah:<N>A9> 1T hHP<N>::
460.mL9°00:<V>A T <Adv>itae:<Adj>ANAP<N>::

461.0:< Prep>7a-ch:<N>@TC:<V>A4:<Adv>ATH.A<Adv>::
462.09774.0:<N>CH0:<Adj>ch & 0:<V>@-0t:< Prep>hC2¢<N>::
463.0 1124 1.:<V>a9P L ov:< Prep>1&h<>::
464.@av74.00:<N>P4.0:<Adj>AF@-0h:<V>h9°A0MP< Prep>::
465.09° 1 <Adv> SR 1C:<V>"1 20 <Adj>NAh%<N>::
466.0L£%9°0:<V>h-A-:<Adj>h?1.L<Adv>::
467./1m.at:<N>"10¢:<V>ANh<N>::

468.hav:< Prep>avAA  <N>0A1:<Adj>MCh:<V>chIA<N>::
469.ANLCH:<V>Ah At <N>A9°wG L <N>::
470.0T%9°0:<V>A9° 1N <V>A & P<N>::

471. 09 PCh:<V>n0-:<Adj>114:<N>AANT:<N>aviman<N>::

472 A7 1+:<Conj>M:<Pro>2127t+h:<V>haM.aNduC:<N>AHA-¢-<Adv>::
473.La0N\ 1<V > LAANN:<V>AI° L Th<N>::

474. 02 CONL:<N>AT° L L:<N>h L PI<N>::
475.8CHh%<N>A8 P 1.<N>DL4L.CU-<V>::

476.8 /7 he:<V>A00U-:< Prep>mL&NA-<V>::

477 1P:<Adv>Nan: <Adj>HALO:<V>AATHANGC:<N>L 80, U-<N>::
478.@thaav . <V>0NH 1:<V>1N0A<N>::
479.015A09:<V>Nn7k<N>::
480.21NN:<V>aNL:<N>NAMN:<N>ANN:<V>AMH.aldhC<N>::

481. 104 <V>mln(:<V>01D ¢ ap-<N>::
482.AANM:<VV>HL ML <V>AWG @ <N>::
483.AM.ANC:<N>h®A:<V>A9°N712:<N>4.0:< Prep>0n:< Prep>haoh f@-<N>::
484.hav.< Prep>LChL:<N>hav.<
Prep>0:<V>mOAN:<N>HE 12 22:<V>AATH AN dhC<N>::
485.00:<Adj>0LY:<V>@ i L:<Adv>0AD<V>::

486.0AAM<V>HL ML <V>AW G & <N>AAN:<V>Dh.hch &-<Adj>::
487.040.L h9°4:<V>A»ao-:<Adj>MCT:<V>0a09<N>::
488.AN:<Adj> L@ 1T L av-.<V>AhHNP:<N>hav:< Prep>NA0-t+:<V>aAnN<N>::
489.0AAM.ANC:<N>hAD-ALP<V>::
490.0NVY:<Adv>4.C U-:<V>D LI av- <NV >Hhh'1:<V>T7¢.00<N>::
491.a0ov:< Prep>a“ll.aNduC:<N>HLD:<V>h001: P ao-:<N>Aav LA P 1<Ad)j>::
492.AMH.A:<Adv>N02°N:<N>A L 11'L.<V >
493.0M°12AN:.<Adv>4 Fch:<V>A T<Adv>::

494 . A“M.h:<Adv>09°0"1:<V>AA TP <N>::
495.0AA9°0:<V>PA:<N>h4-P<N>::

496.ANav:< Prep>'h.é-7:<Adj>$av-:<V>A0MP< Prep>::

497. @7 1A T <Ad]>" 1w 2P <V>A190P <N>::
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498.00.LNL P <NV >ARTM.ANdWC:<N>P LT ov-< Prep>::
499.9 U-:<Adv>ATM.aNC:<N> 2L & h'<V>::
500.0AMH.AL:<N>£ 19 :<V>A190P<N>::

Grammar Rule Function

from nltk.parse import ChartParser

grammarGeez = nltk.CFG.fromstring("""

S-> WNP | ConjPrep NV | NNN| adjVN|NVN|NPVP | NP Prep VP | Prep VP | NN | F
VP -> V Prep | Prep adj V | VPrepV | V | VPrep adv | Prep adv | VPrep | VN | VV | V Prep
V -> "Ah" | "HRIME" | "ALtMR" | "OhITAT" | "L | "ATIAR | T | ot TR
Prep -> "hoe" | "heo" | "hee" | "@A7t" | "@0t" | "TAAS" | ALY | "AAY| "A0AP| AN
NP -> adj NVP | ConjPrep | NN | NVN|NV|N|advadv | NVP | Proadv | NNN Prep ac
Conj -> "H&Aoo-"

adj -> "H" | "H" | a3+ | "PLo%h" | "heor-" | ooyt | "het | "qh" | "Ahieon-" | A
N -> "2PA7T" | "ot | 140" | "RPIIR" | "LC" |"409T" | "APRLT |"ALST" | "AmM"
adv -> "L | "AQLAT | "er” | "4 | "TARR" | "Ah" | "4L4R" | "ad" | "A&" | "0xo1
Pro -> "ATtA" | "0k | "R | "Qht+h” | "@hk" | "0h" | "hev-FR" | "A%L"

def getTree(phraseToBeparsed,grammar,squareBrackets):

t=""

sent= phraseToBeparsed.split()

rd_pasrser=nltk.ChartParser(grammar)

for tree in rd_pasrser.parse(sent):
t =str(tree) + "\n"

if squareBrackets ==1:
t=t.replace("(","[").replace(")" ,"1")

return t

Parsed Sentences

print("102.0 ot PRAA o0t AL oe$RNM")
print(getTree("® o% PRAA @0+ ANL owPAND", grammarGeez, usesquareB

102.@ oo PRAA @0t &N4 2RO

s
[VP [Prep @] [VP [adj o@%] [VP [V £RAA] [V 1]1]]
[NP [Prep @] [NP [N &04] [NP [N @@3&0h]]]]]

Figure5. 1: Parsed Sentences
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Syntax Tree Generator

[s
[VP [Prep @] [VP [adj @=%*] [VP [V £AAA] [VP ]]]]
[NP [Prep @] [NP [N £1<&] [NP [N @=F£nh]]]]]

(C) 2011 by Miles Shang, see license.

Options
Help
S
e .
VP NP
/\ //\
Prep VP Prep NP
@ adj VP o+ N NP
| P e | |
an’y Vv VP | VA N
| |
PAAA asP L

Figure5. 2: Example of the parsed sentence

print("182.AMNA" A ATHANIC RAIHAP AF")
print(getTree( ANl A ATHANMNC ATHAP A71", grammarGeez, usesquareBrackets))

109 . AMN0° A ATHANIC RATHAP AT
[s
[VP [V &ANi&] [Prep Al]
[NP [N APHANHC] [NP [N A7HAP] [NP [Pro AFT]1111]

Figureb5. 3: Sample sentence

Syntax Tree Generator

S
[VP [V AaNna<] [Prep All
[NP [N 2A2H.ANAC] [NP [N 221.4°] [NP [Pro A7Z-+11111

C) 2011 by Miles Shang, see license.

Options
Help
S
—-—-'-—-_—\
VvP NP

N~ ——— e

Vv Prep N NP

I I | g —

AN O ATH. A ANdC N NP

1 |
ADHAP P;'o
N7

Figureb. 4:Tree representation of the parsed sentences
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print("9. @oeahhty +I0A POAY L")
print(getTree(” @oeAhhty +210h 00F 4", grammarGeez, usesquareBrackets))

4 @owARhty Tk POMS
[S [NP [N @oeakh+%] [V +I10A]] [VP [Prep 0AY] [adv 1+4]]]

Figure5. 5Sample Parsed sentence

[S NP [N @@2ain+%) [V +.210A]] [VP [Prep °aAV] [adv
-]

(C) 2011 by Miles Shang, see license.

Options
Help
S
—
NP VP
—_— P

I | |
o@ANNTL TIMNMA TOAT kL

N V Prep adv
|

Figureb. 6Tree representation of the parser

print("36.R4Ah ADHA Docoo- MG+ 0029")
print(getTree("R4aah ADH.A r&woo- UC+ 0029, grammarGeez, usesquareBrackets))

4.R4Ah ATHA Docoo- ACH 0029
[S [VP [V RAAh] [adv ADHA] [VP [adj hracoe-] [V 2MC+]]] [NP [N 0229]]]

Figureb. 7Sample parsed sentence

Syntax Tree Generator

[S [VP [V Aaxh] [NP [N A?H.A] [ad] raree-] [V 20C-H]]] [NP [N
0a29]]]|
Z
(C) 2011 by Miles Shang, see license.
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Figureb. 8: Tree representation of parsed sentence

Syntax Tree Generator

[S [NP [N @Hm7]] [VP [V £7010] [NP [N @2%a-+] [N @ona-+]]]]

(C) 2011 by Miles Shang, see license.
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Help
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Figureb5. 9: Tree representation of the parsed sentence

yniax iree enerator

[S [VP [Prep A0] [V AP0N2]] NP [N AAPHANHC] [VP [V J
)

n9°0%] [N & &¥e]ll

(C) 2011 by Miles Shang, see license.
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Figure5. 10: Examples of some parsed sentence

print("130. £07700 ATMHANAC (10AF 7500")
print(getTree("£0%P0h ATHANAC N0A+ 780h", grammarGeez, usesquareBrackets))

130. 20990 AMANAC N0+ I40%h
[S [VP [V 2A90h]] [NP [N ADHAQMAC] [NP [N 0A+] [NP [N #780h]]]])

Figureb. 11: Examples some parsed sentence
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[S VP [V ea<?on]] [NP [N A<2H.ANd»C] [NP [N QoA-+] [NP [N
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Figure5. 12: Tree representation of the parser

print("81. AMANKC @0t XCh ®PAN")

print(getTree("ATMANAC a0+ XCh @PLAN", grammarGeez, usesquareBrackets))

81 AMANKC @0+ XCh @PLG

Figure5. 13: Some examples of parsed sentence
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