
















































































































































































































































































Triscreen AL FullGraphic Display

| 21| Prefices Source Corpus Count Use Count Stem Count Stems

. Signatures 3 ded 3 3 1 deebi’
|13 MiniLesicon 1 =ACTIVE™ hin a1 8 27 argann, atgu. baasu, bagat, cinne, dandd
5 Words 8834 NULL 82 109 2 argann, argu, baasu, bagat, cinne, dandd

© Foiward trie 8834
Analyzed words 6176
| & Sulfives 197
i -Signalures 463
|} Stems 3,921
| iz Mini-Lesicon 2
| B Words 6,253
Forward trie 6,253
Analyzed words 1,488
= Suffizes 66
| Signatures 117
: ~Slems 1,173
2 MinkLexicon 3
L 2 Wods 5,278
H Forward bie 5,278 i |
= Suffixes 16 :
Signatures 18
Stems 71
= MiniLexicon 4
=-Waods 5,195
- Foward trie 5,195
Reverse iie 5,195
Anahyzed words 233

Signatures 3
i ‘- Stems 193

| Words read: 48,497
[ Distinet words read: 8,834 i
Worids tequested: 60,000 il

Fig 5.5: Screenshot of mini-lexicon of the merged text of all three sample texts

As can be seen from the screenshot of merged file the number of words raised to 48,497.
But the number of iterations which were 5 while running a text of 32,772 words in the
case of Sample A is decreased to only three to analyze suffixes. This can save both
running time and storage space for saving readable text files. From this one can observe
and come in to a conclusion that Linguistica_beta2 needs a large corpus size so as to give
quality (improved) analysis. Summary of the merged text that consists of four mini-
lexicons is as presented in figure 5.6. The number of regular prefix here is three because

of the ‘ded- * string which the system considered as prefix wrongly.
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LEXICON ('merg')
Number of mini-lexica: 4
Number of word tokens: 48497
Number of word types: 8834

MINI-LEXICON 1

Number of words: 8834
Number of stems: 3921
Number of regular suffixes: 197

Number of signatures with regular suffixes: 468

MINI-LEXICON 2

Number of words: 6253
Number of stems: 1373
Number of regular suffixes: 66

Number of signatures with regular suffixes: 117

MINI-LEXICON 3

Number of words: 5278
Number of stems: 71
Number of regular suffixes: 16

Number of signatures with regular suffixes: 18

MINI-LEXICON 4

Number of words: 5195
Number of stems: 199
Number of regular prefixes: 3

Number of signatures with regular suffixes: 3

Fig. 5. 6: Summary of the merged text

5.4.2. The development of gold-standard

The gold-standard which can be used either with Alchemist itself or with Linguistica is
developed. It allows Linguistica to automatically test itself to see how well it is doing
with its analysis. In addition to this, it gives a room for sorting words within a text in
various ways (ascending, descending, foreword and backward order). Furthermore the
gold-standard helps to segment words into morphemes. This includes decomposing a
word into a stem and affixes (if it has any). If a word does not have any affix it gives zero

affixation (NULL).
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The gold-standard developed for this study consists of about 1,600 words. It is saved in
XML format for the purpose mentioned earlier in section 4.5.2.2. Its accuracy gets
approval by linguists. It can be used with Linguistica beta2 either to analyze the text it
was designed from or to analyze other text documents in the language. It can be run at
any time using Linguistica to compare results between the Linguistica beta2 analyses
with the designed gold-standard. The result of the comparison can be opened with
WordPad. The following section presents the result of the experiment while using the

developed gold-standard.

In the experimentation, the researcher has taken corpora as small as 6,083 running words
to as large as 48,497 running words (token count rather than type count). Accordingly,
from the experimentation it is observed that good result typically comes from corpora of
larger size. This result is checked automatically by comparing the output of the analyzer

with the gold-standard which is generated automatically and can be read using WordPad.

5.5. Using the designed gold-standard to test the system

In this phase the analyzer was tested using the designed gold-standard. The program
performs unsupervised learning in the sense that the program’s sole input is the corpus.
The program requires preprocessed text. It does not need dictionary and no
morphological rules particular to the language. Since its goal is restricted to provide the
correct analysis of words into component pieces (morphemes) with a rudimentary

categorical labeling.

The performance of the system is evaluated using the gold-standard that consists of 1600
words. By running different texts the number of correctly and incorrectly analyzed words
in each sample is observed. This was done by comparing the result or the output of
Linguistica_beta2 against the developed gold-standard. The result is summarized in Table

5.4 as follows:
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Table 5.4 Performance rating of the system using the gold-standard

SAMPLE | Size of | Types of | Maximum No. | Match with the | Amount of error

TYPE corpus prefixes of mini- | gold-standard | recorded in %
reported lexicon in %

A 37X [ 2 4 84.5 5.5

B 6,977 2 3 68.1 21.9

C 9,642 2 3 72.4 17.6

MERGED | 48,497 |3 4 92.8 7.2

The achieved accuracy level seems satisfactory. As can be observed from Table 5.4, the

performance of the system is more satisfactory as the size of the corpus increases and the

amount of error generated decreases. This is because of Linguistica_beta2, which is based

on unsupervised learning, requires large data to learn better. In addition to the smallness

of the size of the corpus the following are also among possible means’s for the

occurrence of errors and the difference observed in Table 5.4:

o The availability of miss spelt words in the text, i.e. spelling errors of words

o Confusion of glottal stop “ ¢ “ (hudha) that is considered as a consonant with

single quotation mark

o The inconsistency of some words in the text

o The error in the gold-standard itself

o Improper modification of some of the values of parameters during modification
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusion

Among different strategies to develop morphological analyzer for Afaan Oromoo text,
the unsupervised learning of natural language processing system was employed in this

study to perform automatically a morphological classification of arbitrary word form.

The central idea of unsupervised learning of natural language is that, given a corpus as an
input to the system, it analyzes each word in the text and generates a report. The system

uses neither dictionary nor morphological rules particular to the langnage.

The complexity of morphology of Afaan Oromoo at different levels was discussed in
detail. Accordingly, the pattern of word formation including inflection, derivation, and
the formation of compounds in the language was presented. Some complications are
observed in the process of affixation. Because of such complexity of the language,
conflating words manually become cumbersome and needs to develop an automatic
morphological analyzer using unsupervised learning of natural language processing.
Accordingly, the algorithm for the unsupervised learning of morphology was adopted
from Goldsmith (2001a) for this study.

Few errors are reported during the experimentation process. Some of the possible
means’s for the occurrence of these errors includes miss spelt words in the text, confusion
of glottal stops(‘) with single quotation mark by the system, inaccuracy in the

construction of the gold-standard, inconsistency of some words in the text and the like.
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A corpus of different size ranging from 6,977 to 48,497 is used in the experimentation
process to test the system. A gold-standard of small size (1600 words) is also developed

to evaluate the performance of the system.

The result obtained raised from 68.1% to 92.8% for a corpus of 6,977 and 48,497
respectively. This indicates that as corpus size increases the accuracy of the system will

also increase, which is quite satisfactory result.

6.2 Recommendations

The developed morphological analyzer for Afaan Oromo text that uses Linguistica_beta2
as its basic tool is not a full-fledged one. It needs further improvements and research so
as to get a robust analyzer that performs better. The performance of the current analyzer
is satisfactory. The following recommendations were forwarded so as to extend the

efficiency of the analyzer.

» The corpus which is used to design the gold-standard for this study is of a limited
size. The accuracy reported is based on this small size corpus for the test data.
Since unsupervised learning of natural language requires large corpus size, more
corpus size in the gold-standard is needed for developing an improved

morphological analyzer.

» An attempt is taken to include most of the affixes used in the language. But one
can identify and come across the affixes that are not considered in the study or

disprove the existence of some of the affixes currently used in the study.
» A number of irregularities (such as the prefix hin is assimilated to a stem or

written as a separate word or found even mixed in some texts) have been observed

in sample texts. Furthermore, Ain is used interchangeably with him and ni within
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the text. Therefore, more research has to be done to overcome such irregularities

by standardizing the words in the language.

Morphological analyzer is not an end by itself. It is one of the components that
serve for natural language processing. Therefore, further study should also be
done focusing on developing systems such as parts of speech tagger for Afaan
Oromoo text. In addition, the development of morphological analyzer using other
approaches (for example rule-based) for comparison of the results obtained with
that of the unsupervised learning approach used in this study is also another

research area.

Because of the limitation of Linguistica_beta2 that is used in this study as main
tool for decomposing words, it was not possible to identify categories of word
classes in the language. Therefore, more research has to be done to identify

categories of word classes in the language.

Some other mechanism should be investigated to solve the problem of few
‘prefixes’ (such as ded-) which are wrongly generated because of the

reduplication of the initial morph.
The procedure followed in this study to develop Afaan Oromoo text can be
adopted in developing morphological analyzer for other local languages that use

the Latin alphabet.

Furthermore the output of this study can be used in developing application tools

such as spell-checkers, dictionary compilation, etc for Afaan Oromoo.

Further research should be undertaken to develop a full-fledged morphological

analyzer for Afaan Oromoo text.
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APPENDIX 1
AN ALGORITHM FOR THE UNSUPERVISED LEARNING OF MORPHOLOGY
(Adopted from Goldsmith, 2001b)

1. Get a corpus from a text file
2. Find successor frequency (to cut the words into two pieces — stem and
suffix)
- Discover morpheme peaks in successor frequency
- Cut words into pieces™ (only those words which can be

decomposed)

Organize the pieces into signature put in respective list (stem, suffix)

Else go to 8

- create a stem list
- associate each suffix list with corresponding set of stems to form
signatures

- alphabetize the lists

- eliminate certain implausible signatures

- prefer accuracy over recall

- set a threshold for minimum number of words an affix may appear
in

- eliminate signature based on the apriori likelihood of the suffix

" A word consists of an obligatory root (or indivisible stem) preceded by zero or more prefixes and
followed by zero or more suffixes. In the case of Afaan Oromoo there is only one prefix (hin) a negative
maker and many other suffixes. These are not perfectly identified by Linguistica, because it is designed for
European Languages. By changing parameters and designing the gold-standard that can be read by

Linguistica, further analysis is simplified.
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- set maximum number of stem permitted, minimum number of
affixes

- find the robustness of signature

3. Check signatures
- incorporate the insights of MDL
- compute the entropy of the set of stem-final letters
- if entropy > threshold value do nothing
- if entropy < threshold value
- set entropy = threshold
- set entropy of stem-final strings
- calculate the change in the morphology’s description length of an
individual signature

- consider alternative signatures
- consider the length of the pointers to stems
- construct a list of all places in the morphology

- If no new signature occurs independently, calculate the relevant parts to its

DL, (i.e. length of its pointers to its individual suffixes)

4. Extend known stem to known suffix
-If suffixes began with the same letter, scan through list of discovered
stems
-If unanalyzed words appear
-Unanalyzed and divide into stem and suffix
-If similar unanalyzed words occur choose the one with more common

stem
5. Extend known signature

- sort the signature

- look for the most robust first
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-if the signature matches with set of words analyze the words into

stem and suffix

6. Extend known stems

-If stems analyzed help in finding new suffixes, consider each stem

and the signature

7. Extend known suffixes (“loose fit”)
- use previous knowledge to get more new stems and signatures
- look at unanalyzed words
- If found divide it into stem and suffix,
- If it is already recognized signature,
- accept the new stem else calculate the effect
If effect decreases DL
- accept new signature and new word divisions
If cost of new analysis < cost of current analysis,
- select new analysis

- Concomitant word-analysis

8. Find singleton signatures
If a word appears only once in a corpus
If it ends with known suffix (including NULL)
- compute the prob. of each stem length

- take the unanalyzed words to set of stems with NULL suffixes

9. Detect rules of allomorphy
Repeat 2 to 9 until EOF
10. End
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APPENDIX 11

STEMS OF SOME COMMON AFAAN OROMO VERBS
AND THEIR RESPECTIVE BASE SUFFIXES

{a, e, ta, ti, tani, ani, te, tu, na, nu, ne, i, ini, uu, sise, sisa, sisan, siste, sisna}

aan falam ilaam quuf urguf

af faxuul kitim quphan uum
aggaam fuf kuf raf waam
akeek funaan kurruuf rootr waraan
alaak gaafat kut rukut warroom
baas gan laagam saam xalaf
aman godaan lubbam saf yaam
atoom goom luf seen dhaam
baan guduunf lugaam soddoom dhaan
baat hamat magan somsom dhab
ban hammaar mak soof dharoom
beek haraam mammaak soom dheekkam
biif haram masak sokkuum dhiit
birat harq maseen suuf dhidhim
birmat har miidham tiif dhuf
booji heerum moo’ tilmaam dhum
cuf hiik moof tim dhuuf
daak him muddam tuf shaf
deem hinaaf namoom tum shallam
doom hooggan of udaan sharaf
dorgom hordof oof udum shuqun
dulloom hubam ordof ukam shuum
duroom huum qaam ukkaamam

ergif id qeeqam un

eyyam if qot unkut

{ata, ate, atti, atani, ani, atte, atu, attu, anna, annu, anne, adha, adhe, adhu, atini,

adhuu, achise, achisa, achisan, achiste, achispa}

bayyanka’ naafmar’ rakk seer
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{a, e, da, di, dani, ani, de, du, na,nu, ne,

araad
arrab
bad
barbaad
bareed
barood
calqab
dalag
deeg
dib

did

dig
duud
duug

{a, e, ta, ti, ani, tani, te, tu, nna, nnu, ne, dha,
chisisa, chisisan, chisiste, chisisna}

bilchaat
bit
bogat
bulgaafat
but
dubbat
gabbat
galaafat
gangalat
gat
guddat
gufat

{a, e, da, di, dani, ani, de, du, na, nu, ne, i,

cab

{a’e, eta, eti, etani, a’ani, ete, etu,
esiste, esisna}

eeg
fag

fid
findig
gammad
gob
gog
goob
gub
hagab
hag
hareed
herreg
Jig

guut hat
hedat
hingirfat
hisat
hojjet
injifat
jaal
jabaat
jallat
jifat
kakat

xoolag

kaab
kabaj
kab
katab
kijib
koob
luug
midhaag
mug
muud
nagad
ood
qab
qadaad

kadhat
komat
kottonfat
laat
lagat
ligeeffat
lulluggat
marat
marxifat
mul’at
obbaaffat
odeeff

dhagoog
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qimmi
qood

id

gogqob

raag
ramad
reeb
rig
roob
sabab

sassaab

sosob
taajjab
utub
wag

I, ini,uu, sise,sisa, sisan, siste, sisna}

waraab
wareeg
yaad
dhaab
dhaqqab
dheed
dhib
dhiib
dhimbiib
dhug
dhukkub
dhuub
shallag
shigid

dhe, dhu, ini, uu, chisise, chiisisa,

onnat
owwaat
qalbifat
qusat
raajefat
rifat
riigat
salfat
salphat
sassat
simat

dhiig

sodaat
tarkaanf
taphat
tirat
toohat
tuffat
uffat
ulfaat
warwaat
wayyat
yaabbat
yarat

€nna, ennu, ene, a’i, a’ini, a’uu, esise,

dhaamot
dheebot
dheerat
dhihaat
dhiphat
dhungat
dhuunfat
nyaat

ini, uu, se, sise, sisa, sisan, siste, sisna}

esisa, esisan,



dand

{a, e, ita, iti, itani, ani, ite, itu, ina, inu, ine, i, ini, uu, isise, isisa, isisan, isiste, isisna}

akkeess borc dirm elm gadd karkars
alalch burkuteess dirq erg gonf marq
arg callees durs faal hundeess mirg
balf cich duumess falm irb sokk
bobees danf duuch gaabb iyy

{a, e, ifta, ifti, iftani, ani, ifte, iftu, ifna, ifnu, ifne, i, ini, uu, ise,isa, isan, ifte, ifna}

foosis

{a, &, ita, iti, itani, ani, ite, itu, ina, inu, ine, i, ini, uu, ,ise, isa, isan, iste, isna}

balaalees
cururs
fafeess
fagees
fakkeess
fayy

foks
gaggabs
geess
gingilch
gondolch
gors
gowwoms
gumaach

heddummeess

{a, e, ta, ti, tani, ani, te, tu, na, nu, ne, i, ini, uu, ise, isa, isan, iste, isna}

albaas baas

bakkis

himims
kireess
kolf

labs
ligims
luuccess
mars
madeess
mallatteess
magqs
mars
maxxans
mi’eess
milk
mindeess

balis
barreess

mimirs
mork
nuff
obs
odeess
qirc
qirqirs
qixxeess
qoors
qulqull
qure
qurx
raabs
sams
sang

badhaas
bobbas
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sarm
sifees
siileess
silliks

sirb
sirribs
soneess
summeess
suuleess
suph

tiks

tinf

tirs
wadda
waaqeess

booress
borxoxxeess
bukeess

xill
xinneess
xiqqeess
yakk
dheeff
dheess
dheedhess
dhiyeess
dhooww
dhork
shakk
shokoks

buus



calaas
calqqis
cee’
daars
dabars
dabs
dagsis
dayyas
dimimmis
doorsis
eebbis
facaas
fannies
fokkis

{a, e, ta, ti, tani, ani, te, tu, la, lu, le, i, ini, un, ,sise/chise, sisa/chisa,
siste/chiste, sisna/chisan}

fullaas
furors
futtaas
gabaas
gombis
hafars
hambis
haqqis
harkis
harrabs
hadhees
haphis

hebbis
huqgqis
hurris
ibs
kaas
kiis
kolaas
korris
kuus
laaf
leellis
loos
luqqis
malaas

marmars
misoom
mitt
moggaas
obaas
qoraas
quncis
saffis
taasis
teessis
tus

us
uwwis
wallis

weeddis
weellis
WUXXis
yaas
yuus
dhiis
dhimmis
dhis
dhiis
dhoos
dhukaas
shullis

sisan/chisan ,

afeel duul kuul saqal wanjal
aqangqaal eegal lol tul xalal
awwaal falfal madaal tajaajil xiinxal yaal
bilbil fincil ofkal uddeel dhaaldhal
bul hokkol qal ungulaal shaakal
dabal huddeel qol utaal ushaal

daldal kal sakaal wallal

{a, e, ta, ti, tani, ani, te, tu, la, lu, le, i, ini, uu, , che, chisise, chisisa, chisisan, chisiste,

chisisna}
caal gargal ilaal qubeel
calal haleel okkol tol
eel hagangqaal ool waxal
gal hoffal qajeel shallal

{a’e, ofta, ofti, oftani, a’ani, ofte, oftu, ofna, ofnu, ofne, a’i, a’ini, a’uu, ese, esise,
esisa}

beel bush cine finc lakkaa’
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mad
mach

mi’a
misoom

orbobb gabbana’

qaana’

{a, e, ta, ti, tani, ani, te, tu, ra, ru, re, i, ini, uu, se, sise, sisa, sisan, siste, sisna}

aar

agur
bar
bohaar
cir
darar
deegger
diriir
dongor
gabbar
gargar
gatantar
geerar

goror
gor
gurgur
guur
hafuur
handhuur
hir

hiriir
ijaar

Jir

kasaar
koor

kor

kur gaxxaamur
maagar qor
magar quucar
makkaraar rar

mar safar
marar sakar
miciir sarar
mur seekkar
qaar soor
qancar sor

gar suntuur
qarqaar taraar
(qaxar tar

tortor
tur
unkur
ur
waqar
wuxir
xumur
xuruur

{a, e, ta, ti, tani, ani, te, tu, na, nu, ne, i, ini, uu, se, sise, sisa, sisan, siste, sisna}

bokok
boon
buu

caam
ciis
cim

ergis sham
gadoom shoom
waldhaan

{a, e, ta, ti, tani, ani, te, tu,na, nu, ne, i, ini, uu}

cit

{a, e, xa, xi, xani, ani, xe, Xu, na, nu, ne, i, ini, uu, sise, sisa, sisan, siste}

cuuph
fix
habbuugq
haq

3

duu

hooq
hulluyq
lix
muux

dut

qarax soq
saaq suuq
sassaaq tuq
sollog Xax
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Xuux
dhaq
dhiq



{a, ¢, xa, xi, xani, ani, xe, xu, na, nu, ne, i, ini, uu, se, sise, sisa, sisan, siste, sisna }

bagaq camad miliq quuq warraaq
bullug carraaq munyuuq siiq dhommoq
burg macalaq naq sunquugq shuruq
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a
a’ani
a'e
a’i
a’ini
a’u
a’ut
aa
aa’u
aachi
aachu
aadh
aadhe
aaf
aaf
aafl
aaiif
aam
aan
aani
aann
aannu
aata
aatan
aate
aati
aati
aatte
aatto
aattu
aatu
aaw
aawaa
aawwan
acha
achaaa
achi
achii
achiis

SUFFIXES (WORD ENDINGS) OF AFAAN OROMO

achis
achisa
achisan
achise
achisna
achiste
achu
achuf
adh
adha
adha
adhe
adhee
adhu
adhuu
am
ama
amaa
amaa
amaan
aman
amanii
amarr
ame
amee
amee
ameh
amen
amett
amin
amiss
amn
amne
amni
amo
amoo
amt
amta
amtan

APPENDIX III

amte
amti
amto
amtu
amu
amus
amut
amutt
amuu
amuuf
an
ani
anii
aniif
aniin
aniir
anin
anir
anis
anitt
anna
annaa
anne
anni
annoo
annu
annuu
anuu
as
asin
at

ata
ataa
ataa
ataan
atam
atan
atani
ate
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atee
atin
atinn
att

atte
attee
atti

atto
atto
attu

atu

atus
atuu
atuuf
aw

awa
awwaa
cha
chisa
chisan
chise
chisisa
chisisan
chisise
chisisna
chisistan
chisiste
chisna
chiste
chu

da

dani

de

dh

dha
dhaa
di

du

e

echi
echu
ee
cef
eeff
eefi
een
eeni
eenn
eeny
eenya
eenyi
eenyu
ees
eesl
eess
eessa
eessl
eet
eeti
eetii
cett
eeyyu !
en =
ene
eni
enna
enne
ennu
es
esisa
esisan
esise
ess
etam
etan
ete
etee
ctte
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