


















































































































































































































































































































































obtained, the parser checks the rcmainine lexical component deterministically based on the

category of the suffix using the following rules:

If the suffix found belong to the catcgory of Verb check whether the stem is a verbal stem
If the suffix found belong to the catecory of noun, check whether the stem is a well formed

noun
If the suffix found has ambiguous category

First check the stem for being a verbal stem

If not verb check it for being a derived noun

This approach minimizes the parsing proces: by avoiding unnecessary attempts. For example, if a
parser get a Suffix “-kulat” as in the word ibir-kulat” A1CT-A-1 (I broak for the benefit of her),

it only checks the stem “siibér’ for being a verb. The parser need not check the stem for being a

noun because ‘-kulat’ can not be attached to 1 noun.



Figure 5.3 The algorithm for checking alternative affixes

1. Get Word
2. Get Possible_prefix and Possible suffix array
3. Set W= length of word, V= False, N=[ulse
4. For (i=0to Total Number of Prefives)
1=i+/
For (J=0 to Total Number of Suffixcs)
JH
Set P=length of prefix [i], S—length of suffix[j]
Set A= §+P
If (A<W)
Set Stem = Substring (P 1 1V-S, Word)
If Suffix_Category is Not Noun V=Check_Verb(Stem);
If v =true Go To o
Llse If Suffiv Category iv
If n=true Go To 6

Voi Verb N=Check _Noun(Stem);

Next J

Next 1
5. Return False

6. Set Sllfff), - S”ffh[J/ Pf‘C_’ i =Prefi '\'I’;'/
If V=True Verb Affix Ilufo (prefix, Suffix)
Else Noun_Affix_Info (Prefix Sujlix)

7. Return True

If the 2" alternative is obtained the parser will decide similar to the 1%, but it only checks by

removing the suffixes. If the third alternative

prefixes in position 2,3,4 and 5, il a prefix

's obtained the parser looks for the presence of

's found in these positions the parser only checks



whether the stem is a well-formed verb sten. This is because Amharic Nouns can have a prefix at

position 1 only. The algorithm for this process is presented below.

Figure 5.4 The algorithm for checking stem when the word has only prefix

1. Get Word ,
2. Get Possible prefix
3. Set W= length of word. V= False, N=False

4. For (I=0 to Total Numbecr of Prefixes)

Set P=length of prefix [i]
Set Stem = Substring (P+1,Word)
[f the Concatenated prefix has prefix at position one only
N=Check Noun(Stem);
[f N=true GoTo 6
Else V=Check Verb(Stem);
[f V=truc GoTo6
Next I
5. Return False
6. Set Prefix =Prefix[i]
If V=True Verb_Prefix (prefix,Suffix)
Else Noun Prefix (Prefix,Suffix)
7. Return True

The parser tries all the possible combinations of prefixes and suffixes alternatively until it get the
correct result. For Example in parsing the word “sldmayanqésaqsulachu’

NA“7E7¢APAAT U (Because they do not move it for you), the parser generates all possible
suffixes and prefixes as follows table:

Possible Affixes extracted from a single word.



Figure 5.5 Possible prefixes of the word ‘slimayangiisaqsula¢hu’

" Prefix Suffix
i Slimayan ulachu
2 | Slimaya i lachu
3 | Slimay achu
-+ Slima
5 Slim
6 | Sli

i
7 |S

i

| |

In this particular example, the parser [irst sets the concatenated ‘Slimayan-’ and the suffix ‘—
ulachu’, Then it checks the category of the suffix. Since the category of ‘— ulachu’ is of a verb it
checks the stem ‘giisaqs’ for being o well-formed verb stem. The parser extracts the root ‘qsqs’
from ‘qédsaqs’ and scarches the root lexicon to check the presence of the extracted root. When it
gets the root from the lexicon, it checks whether the stem ‘qéisaqs’ is appropriate for the property
of the root found from the lexicon. Ifit founds thal the stem is correct it decides the category of
the word as verb, and consequently, the parser decides the affixes removed from the stem are the
correct one. This decision is made based on the assumption that only removing the correct affixes
result in a correct stem. Therefore in this example the suffix *— ulathu® and the prefix ‘Slimayan-

> are considered as correct suffix and prefix respectively.

One of the problems that needs consideration in checking the stem is the nature of affix

combination. There are some alternatives o affix combination, which result in a legal root that

can be found in the lexicon, although they are not the correct one. To reduce this probability of
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error the parser looks whether the stem is appropriate for the type of root identified. In the figure
below, for example, before the parser gel the correct root of the word ‘Slamédzigibulachu’
NAZPHN-A7TV- (for the reason that they enlisted for you), which is ¢ MZGB? 9071, it founds
a legal root “ZGB™ U701 *Recording an cvent” at the first and second attempt. In the example the
stem of the root ‘ZGB’ starts with ‘4’ i.c “drigib’, but ‘ZGB’ is a root from the category of the
roots which do not take a vowel at the beginning of their stems. Therefore the parser escapes this
alternative and looks for another combinations. The same is true for the next two alternatives at
raw 1 and column 3 (1,3); and at raw | and column 4. The parser get the correct root ‘MZGB’

with the possibly correct stem ‘mizégiib™ at raw 2 and column 1.

Figure 5.6 Alternative affix combination results in legal root but wrong stem

l 2 3
Suflix—=> ulachu lachu achu
Prefix Stem root Stem root stem root
1 | Slim dzdgib 7oh dzigdbu | zeb dzigibula zgbl
2| Sld miiziigih mob

In another instance, the parser can vet the reverse. For cxample in parsing the word
‘Slamazalahu’ AA“THA U+ (for you have carry it), the parser get a legal root at (1,1) but the
category of the root requires a stem starting with the ‘a’. If the parser decides with the first

attempt, the suffix that found will change the correct interpretation of the word.

Figure 5.7 Wrong stem for sub type ‘a’ roots

1
, Suffix= | achu
| Prefix stem root
I | Slima ZAl Z)
2 | Slin azil zl




To handle such cases the parser uses the following property of roots and stems;
- The first character of the stem is either 4 consonant or a vowel a:
All verbal stems except those derived from a root with sub type ‘a’ start with consonants.

Stems formed from a root with sub type ‘a’ starts with ‘a’

This constraint can be applied in the algorithm using the following rule.
If the stem starts with vowel other ihan “a' return false
If the stem staris with "« it can not he o correct stems for roots which do not have sub type

a

If the stem starts with consonant, compare it with only roots that don't have sub type’a’.

Alternatively to the above rules, all verb stems that starts with “a’ represented in the lexicon by

¢

roots starting with ‘h’, for the reason that in Amharic when ‘a’ is used as a consonant it can be
used alternatively with *h’. For example. “hagdr’ 7€ or ‘agir’ A1C (country); ‘hazéneta’ YHs
or ‘azdneta’ Alls )" (sadness).

Therefore whenever ‘a’ is found at the beginning of a stem it should be changed to ‘h’, before
removing the vowels to get the root. The same is true for verb roots which ends with ‘a’ or ‘4’.
Such types of verb roots arc found in mujor divisions 3,4,5,6,10 and 11, according to Amharic
verb classification adopted in this study. In the root lexicon the last radical of these roots is
represented by ‘h’. Therefore whenever “a” or ‘4> is found at the end of a verb stem it should be

.

changed to ‘h’. However verb stems which ends with “4’ can losse ‘4> when attach a suffix with
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intial vowel. Therefore inorder to get a correct match, whenever a search is failed we should try

again by attaching ‘h’ at the end of a root and do the root search again.

Another possible problem is a root that does not carry all the radicals in different forms of a
word. Roots extracted from stems of such type may not have all the radicals of the corresponding
root. For example. the correct root of the word *Slimzilagiw’ AAY*HATF®* (for the reason that I
escape them) is ‘ZLL’. Nevertheless, from the stem we can only get the root ‘ZL’. In another
instance, they can have all the radicals in a word. For example from ‘azililut” AHAA-T" ( They
made him to jump), we get root “ZLL". Thercfore, the parser should have a mechanism to handle
all cases. Such type of root categorised in the lexicon as subtype ‘g’. Therefore, whenever the

parser encounters a root with sub type "¢’ it applies the following rule.

If previous comparison failed and if the root from the lexicon have subcategory g,

double the last radical of the root from stem and do comparison again
The algorithn below implements all this constraints to check the verb stem. This algorithem
recives ‘stem’ from modules that check the correctness of the verb stem. If the stem starts with
‘a’, it changes the "a’ to ‘h’. If the stem starts with any other vowel it returns false. This is for the
reason that Amharic verb stems only start with ‘a’ or a consonant. Then, it checks either the stem
ends with ‘a’ or ‘d’. If any of the two is found it replace them with “h’. If the stem ends with any
other vowels it returns false. for the reason that Amharic stems only ends with a consonant or

vowels ‘a’ or “i’



Figure 5.8 The algorithn to check the verb stem

Sroot= root extracted from the input srem by removing vowels from the stem

1. GET Stem
2. If Stem starts with vowel
If stem starts with ‘« replace it wirh " h’

Else return false
3. If Stem ends vowel

If Stem ends with '« or ‘i’ replace with ‘h’
Else return false

4. EXTRACT Sroot from Stem

3. Search Sroot in the root lexicon

If found return true

6. Else Add "I’ 1o Sroot as « lust letter ;
Search Sroot in the root lexicon
If found return true

7. Else Duplicate the last character of the Sroot
Search Sroot from root lexicon

If found return True

8.. Return False




When the suffix obtained from the category of noun, after the affixes are removed the word is

checked whether it is a correct word based on the affix pattern. The Algorithm decides that the

word is a noun if onc of the following conditions is true for the word.

Figure 5.9 The Aleorithm to Checls Derived Nouns
g & L ec:

1. If the word has prefix “mda” or “ma” and ends with a consonant
2. If the word has prefix “md” or “ma” and if the word have suffix ia’
3. The word has suffix pattern “Mia” or “ia”

3.1 And if the character at position two is a consonant or “u’”,and
if the word has suffix “ia”

4. The word has prefix ‘as’ or ‘o’

If length of word > 7
If the word has vowel pattern “aéiaii”, or “aoad”, or “uodad”, and

If character at lengthofword-2 ==lengthofword-4, and
If character at word lenath-3=="¢"

If length of word <=7
If word has vowel pattern ada, or aoa, and

If character atwordlength== character at word length-2 , and
If characier at word length-1="a’
5. If vowel pattern of word is empty string or ‘u’
and If character at position wordlength-1 = wordlength-2

6. If vowel patrern of word is empty or ‘u’

7. If word has vowel paitern “uai’ or ‘ai’



If last characrer is 'i°, and
If characters ait position wordlength-1==consonant: and
If character at position wordlengih-2=="u .
8. If word have vowel pattern ‘iai’ or ‘oai’”’
If last character ==iand
If character at word length-1==consonant, and
If character ar word length-2== "¢ :
9. If word have vowel pattern ‘iia’ or ‘oda’ or “da’
If character at word length-1 consonant
10. If vowel pattern ‘daa’ or ‘oaa’
If character at wordlength-1==consonant
11. If word has suffix ‘ot’, or ‘na’, or ‘it’ or ‘at’ or ‘0§’, and “Gt’
If word has vowel pattern o, or
if word has vowel pattern a, or
if word has vowel pattern uo, or
if word has vowel pattern ua,or
if word has vowel pattern ao,or
if word has vowel pattern aa, or
if word has vowel pattern auo, or
if word has vowel pattern aua
12. Ifword have suffix ‘cta’
if word has vowel patiern ‘idiea’, or

if word has vowel patrern ‘uea’,or



if word has vowel pattern ‘aiiea’, or

if word has vowel pattern ‘nea’,

Example of nouns that are recognised by the above condition are :

Condition 1.

ao(\(1(; a0 ooy avgrn( a1} 4N V&), D]
av  ( i1 KA BT P 0 O

Condition 2:
an\(). ¢ a1 a1 vl P om e

ausB (i) TIDLELC MG 008 av-e 8

Condition 3:
Q0NN NCLE  NCLPe e e Jiery o
£LP Gom HILP  ALP INP
Condition 4:
AN AN Ao Adbanp(; Al é-dn Atk e
ANAN hWE8L AT°AN W04 R15e:
Condition 5

TO°NC GRNE SRCCR TR T o)

Condition 6

@00 RCRC NN @3 C RrC ByeC heec
Condition 7:

NG dza-opr 90408 U Popr G4
Condition 8

A an’yig, T LU N L
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Condition 9:
LN LM PPN IONIC A
Condition 10:
$é-M LGNG poym) M)
PAN 7Y B

Condition 11:
Cm T CTRCT Ul
NN~ 1- Mg 0L
Condition | 2:
Po U N

gl hovg:)-

This section has discussed about how the morphological information is extracted and used to
categorise verbs and their derivatives. The next section presents how the information extracted

from a word analysed further to determine the inflectional categories of a word,

5.2.2. Deciding the categories of the word
After the parser gets the correct suffixes and prefixes and decides the category of the word, it
decides the inflectional category bascd on the category. suffixes and prefixes, as shown in the

diagram.
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Figure 5.10 Flow Chart for Determining Inflictional Catagories.
The Parser Uscs The Same Suffix |exicon For Nouns and Verbs. In the previous example
NAZ?.3PAPN-AT0-. the Prelix “Slidmayan” and suffixes ‘ulachu °, represented in the database

as;



Prefix Sulfix

NAMLE: Slimayan NAME: ulachu
Position-1:  Sli Category Verb
Position-2: m Position-1 u
Position-3:  a Position-2 l
Position-4: y Position-3 v
Position-5 an Position-4 achu

Based on each atiribute the parser determines the syntactic meanings. In this particular example,
with the category information it determines the category of the stem in general as verb. For the
attributes from position 1 to 3 it checks the Non-concatenated suffix databases. These suffixes are

represented in the database as:

NAME u NAMLE } NAME achu
POSITION | POSITION 2 POSITION 4

Tense Impertect Tense 0 Tense 0
PERSON 3 PERSON 0 PERSON 2
NUMBER PT.URAL] NUMBER 0 NUMBER  PLURAL
GENDER 0 GENDER 0 GENDER 0
POLARITY 0O POLARITY 0 POLARITY 0




Therefore, the parser decides based on the suffix as:
Subject features: 3™ person plural
Aspect: Imperfect
Object features: 2™ person plural
And the beneficative ‘1" indicates that

the object is not a direct receiver of the action , and

the object is benefited from the action.

The presence or absence of a prefix at certain position indicates a specific meaning. The presence

or absence of a particular prefix can be interpreted by the parser as

If there is prelix at position | Then  the word is a clause

If there is prefix at position 2 Then  the word is a clause with imperfect aspect

If there is prefix at position 3 Then  the word have the negative sense of the stem
If there is prefix at position 4 Then  the word has an imperfective aspect

If there is prefix at position 5 Then  the word have a derived stem

Therefore the above example can be interpreted as- A clause that have a negative sense and
imperfective aspcct.

The parser interprets the affixcs for verbs and nouns separately. The above example is for verbs.
If the category ol the word is noun the parser uses the fact that . except the possessive marker
suffixes of a noun . only the presence and absence of suffixes is cnough for the other. For

example in parsing the word “misariva-oc-c-n > @PA4 2% "my instruments’, the module that
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determine the catcgory and the correct affixes send the [ollowing to the module that determines

the inflectional categories;

Concatenated Sulfix = -oden
€

Concatenated Prefix =

Category Noun (decided based on —ocen)

The structure ol -o¢en’ in the database looks:

NAME: -ocen
POSITION 1: -o¢
POSITION 2: ¢
POSITION 3. n
POSITION 4: =

CATEGORY: “Noun

When the affix interpreter for noun get this information it decides about the noun as: Plural noun,
Object, and the Attribute of the posser of the noun is
Person— | ™

Number=Singular

Gender— ()

The algorithm that enables the parser to interpret like this is listed below:
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Figure 5.9 The algorithm that determines the inflectional category of a noun

1. Get Concainated_Suffix, ( oncatnated Prefix
2. If Concatenated _suffix is not empity
2.1 If the suffix have value at position one  decide the word is a plural noun
2.2 If the suffix have value at position three decide the word is an object
2.3 If the suffix have value at position four decide that the word has conjanction
2.4 If the suftix has value at position 2
240 Search Suffix_FFile (Neme at position 3,Noun, 3)
2.4.2 |f joundthe possesser of the object expressed by the noun has attributes
person= Suffix_Person
Number=Suffix_Number
Gender=Suffix Gender

3. end

The information provided by the prefixes interprets based on their value. For example; ‘if ‘b’
then the object indicated by the noun is used as instrument’
The algorithm picsented here is coded using Microsoft Visual C++ and tested. The next section

presents the test result and procedure,

5.3 Results of the Experimental

The test is conducted to see the effectiveness of the algorithm designed. The aim of the test was;

1. to see either the algorithm ~ategorise o word as nominal and verb effectively
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2. to check either the algorithm correctly toknize a word to components correctly
3. to check whether the algorithm correctly interpret the inflectional categories of the word

based on the tokens extracied

In the first casc 100 nouns sclccted manually were considered
- The parser recognise 73 of the nouns correctly and decides the other incorrectly as verbs,
and unrecognised word.
- outof the 73 correctly recognised noun, the parser correctly toknize 71, only three are
toknized incorrectly

- Outof the 71 toknized correctly the parser interprets 69 of them correctl
) | ] Yy

One of the problems to categorise a word as verb while it is a noun is identified as incorrect
interpretation of the suffixes of nouns. For example when a word sbrat is given the parser
recognise the “-at’ similar to a suffix like “sbhiir-at’ . The parser does not perform the derived noun
check processes, as it is Woking deterministically. Therefore it returns unrecognised word
because ‘sbr’ has no vowel pattern (hence there is no stem with no vowel). We make changes in
order that the parser when ever it gets a word it considers it as a noun with out affix so that it first
used the derived noun check module. Therefore words like ‘sbrat’ can be interpreted correctly
before they arc considered as a verb. Afier this adjustment a result of 97 correctly recognised

words are obtained.

For any word with the correct vowel and consonant pattern found in the conditions the parser
decides it as a noun. Mistaken Words with 4 correct pattcrn are also considered as correct. For

example the string ‘witg’ is considered a5 # noun becanse it fulfils condition 5 of the rule for
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nouns. If a root lexicon is used to determine the nouns it can consider such words as mistake, but

it also considers correctly spelled words but that are not found in the lexicon.

- Test using verbs

The test for verbs is conducted on 100 Words. These Words are generated by two individuals
manually. They write 10 forms (or 5 roots each. The test shows the following results.

- 93 out of 100 parsed correctly

- Outof the 93 all but one toknized incorrectly

- All the 92 interpreted correctly

One of the reason for incorrect recognition was the pre-processing of the suffix ‘awo’ as ‘ao’.
Correction is taken to apply this particular pre-processing only to nouns because this process do
not occur in Amharic verbs, and ‘awo’ is a correct suffix in Amharic as in the word ‘sidb-awo’.
Using this corrcction only one word can be re-recognised correctly and increases the accuracy to

94%.

Using a similar step with the above the test is conducted for different words. Together with the

above the parscr correctly recognizes 84 % of the verbs and 86 % of the nouns.



CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIOND

6.1. Introduction

The purposc of this study was to design a word parser for Amharic verbs and their derivatives. A
discussion on Ambharic verb morphology was given. A word parser is designed to recognise. The
algorithm designed uses the morphological property of the language to determine the categories
of the words derived from verbs. Mainly the algorithm identifies a word as a verb or nominal,
and the inflectional categories in the respective categories. An algorithm that can change surface
forms to underlving forms are desiened to handle phonological variations. A database of affixes

and roots, which helps the parser (o toknize and interpret components, are also designed and

implemented. This chapter provides a summary of the conclusion and recommendation for future

research.

6.2 Conclusions

Amharic 1s a morphologically complex language. Most of the words in the language are verbs or
derived from verbs. Verbs are the most productive classes of words in the language. The root is a
basic lexical unit of the language. The root form of a base verb can be bilateral, trilateral,
quadrilateral and quantiliteral. Verbs arc derived from roots by inserting vowel patterns to the
root. Therefore. most of the words m the language can be reduced to root and vowel patterns.
Roots form their stems based on their consonants nature. If the root type is known, it is possible
to predict the other forms. It is shown that word formation follows regular patterns: prefixing,

suffixing and iniernal doubling of consonants. Thus it is possible to conclude that, even though



Ambaric is morphologically complex its regular paticrns—aake it manageable for algorithmic

processing.

In this study root pattern and the affixes are used to determine the lexical and inflectional
category of the word. Even though Amharic has specific suffixes to nouns and verbs there are
suffixes that have similar spelling but in different categories. These malke the categorization using
only suffixes impossible. The ambiguity furthers increase when suffixes are concatenated.
Therefor in addition to aflixes, vowel patterns and the property of the root is used to parse

Ambharic languagce.

In order to (est the accuracy of the alearithms, 200 verbs and 200 nouns were considered. The
test result shows that 86 % (172) of verbs and 84 % (168) of the nouns are recognised correctly.

This is a promising result for further research in the same direction.

These algorithms can be extended for regular nouns by designing a lexicon. As Amharic has a

handful of basic adverbs and preposition the algorithm can be extended for this categories with

some modilication.

6.3 Recommuondations

The study do not includes the propert o words at syntactic level. Words in the syntax have more
constraints thun words out of wntveie contexts. Including the syntactic property of the Amharic
words can increase the efficicncy of the parser. Together with this, as derived nouns goes-similar
inflections as of regular nouns. the algorithm can be extended easily for regular nouns by
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designing a lexicon that can handle regular nouns. More over this as Amharic has a handfil of

prepositions and regular adverbs the efficiency of the parser can be extended easily to include

these categorics. To this end further research should be undertaken to develop a full-fledged

Ambharic word parser.

Even though am attempt is taken to include most of the fetures of the word, one can identifay
other fetures that have not uscd in this study. Therefore, further researches should also consider
other fetures. The algorithem is tested on limited number of words, so it is not possible to say that
the resylt indicale the correct accuracy. Therefore other testes using large number of data must be

conducted, so that it is possible to estimate the correct effectiveness of the parser.

Word parscrs are not an end by themselves they arc ways to an end. Therefore further studies

should also focuis on implementing application that can use the outputs of word parsers.
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