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With contributions from

o IsiZulu spellchecker
Hussein Suleman
Balone Ndaba
Langa Khumalo
Norman Pilusa
Frida Mjaria
@ IsiXhosa spellchecker
o Nthabiseng Mashiane
o Siseko Neti
e Norman Pilusa
@ Participants in the evaluations from ULPDO@UKZN and
Linguistics@UCT

@ Additional texts from INC, Mantoa Motinyane-Masoko,
MeMaT translators, publicly available texts
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Motivation

Motivation

@ IsiZulu and isiXhosa, among others, have limited ICTs support

@ Most widely spoken languages in South Africa by first
language speakers.

@ 23% or about 11 million people (isiZulu), 8 million (isiXhosa)

1https ://www.spellchecker.net/africa_zulu_spellochecker.html
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Motivation

Motivation

@ IsiZulu and isiXhosa, among others, have limited ICTs support

@ Most widely spoken languages in South Africa by first
language speakers.

@ 23% or about 11 million people (isiZulu), 8 million (isiXhosa)

@ Very limited available spellcheckers for use:

o Outdated/software not working anymore (Open office plugin)
o Online one with too many clicks, popups, and ads?

1https ://www.spellchecker.net/africa_zulu_spellochecker.html
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Motivation

General aims

@ Investigate development of spellchecker for isiZulu

e Find an approach that can be used across (agglutinating)
Bantu languages
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Motivation

What will work best?

e Dictionary approach won't work due to (theoretically)
agglutination and (practically) limited dictionaries
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Motivation

What will work best?

e Dictionary approach won't work due to (theoretically)
agglutination and (practically) limited dictionaries

@ Data-driven statistical model or grammar-based
(morphological analyser-based) approach?

@ Try that for both isiZulu and isiXhosa

@ Rules for the POS categories coded perform better overall
(isiXhosa), but data-driven approach faster and more reusable
across languages (isiZulu, isiXhosa), despite being
underresourced
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© Data-driven spellcheckers
@ Error detection for isiZulu
@ Error detection for isiXhosa
@ Error correction for isiZulu and isiXhosa
@ Demo
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Data-driven spellcheckers
€000

First iteration [Ndaba et al.(2016)]

Use corpus for data

Driven by extracted n-gram statistics

Trigrams and quadrigrams; e.g.
e ngimbona
e ngi, gim, imb, ...
e ngim, gimb, ...

Compute frequencies, determine threshold

Trigram/quadrigram below threshold: flag words as
incorrectly spelled
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Data-driven spellcheckers
0®00

Basic approach for testing

10-fold cross-validation for training and testing data set

3 corpora to test effect of corpus on accuracy
o Ukwabelana [Spiegler et al.(2010)]; 288 106 words, 87033
unique
o Section of the isiZulu National Corpus [Khumalo(2015)]; 538
732 words, 33020 unique
o IsiZulu news items (collected by MK); 21250 words, 9587
unique

Different thresholds

46 know-to-be-incorrect words added

Use accuracy as measure, with confusion matrix (TP, TN, FP,
FN)
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Data-driven spellcheckers
00e0

Example

o Corpus trained with:
e ngimbona kusasa: ngi, gim, imb, ...
o uvelaphi: uve, vel, ela, ...

@ Spellchecker given following words:

e ngivela — accepted, as ngi, vel, and ela are trigrams obtained
from the training dataset
o Ngivla — rejected, as there is no ivl and no vla
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Data-driven spellcheckers
oooe

Major outcomes

@ Accurate in detecting words that do not occur in the training
corpus
@ The most updated corpora are preferable

a—(C s e INC
1
09
08 T *vvees
% 07— ttee,
S 06
05
504
203 [
0,2
01
0

0,003 0,004 0,005 0,006
Threshold

@ The spellchecker performed slightly better with trigrams than
with quadrigrams

@ 89% accuracy (on par with older data
[Bosch and Eisele(2005), Prinsloo and de Schryver(2004)])
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Data-driven spellcheckers
oooe

Major outcomes

@ Accurate in detecting words that do not occur in the training
corpus

@ The most updated corpora are preferable

Accuracy rate

0,003 0,004 0,005 0,006
Threshold

@ The spellchecker performed slightly better with trigrams than
with quadrigrams
@ 89% accuracy (on par with older data
[Bosch and Eisele(2005), Prinsloo and de Schryver(2004)])
@ Tests with more data: 83% accuracy with noisy data, 85%
with cleaned data 16/43



Data-driven spellcheckers
°0

Try this with isiXhosa

@ Use code for isiZulu, but feed it isiXhosa texts to create a
language model for isiXhosa

@ Determine threshold

@ Determine accuracy
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Data-driven spellcheckers
oe

Try this with isiXhosa: results

20K tokens corpus, mainly medical documents
Threshold: 0.002 (marginally better than 0.003)
Accuracy: about 79%

(current implemented version trained with much more text)
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Data-driven spellcheckers
®00

Error correction for isiZulu

@ Statistical language model based approach as well
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Data-driven spellcheckers
®00

Error correction for isiZulu

@ Statistical language model based approach as well

@ Insertions, deletions, transpositions, substitutions
@ Levenshtein distance + probability of alternate trigram

@ Probabilities of successive trigrams
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Data-driven spellcheckers
®00

Error correction for isiZulu

@ Statistical language model based approach as well

@ Insertions, deletions, transpositions, substitutions

@ Levenshtein distance + probability of alternate trigram
e nii
e ngi
o distance: 1 (a substitution of i where there should be g)

@ Probabilities of successive trigrams

22/43



Data-driven spellcheckers
®00

Error correction for isiZulu

@ Statistical language model based approach as well

@ Insertions, deletions, transpositions, substitutions

@ Levenshtein distance + probability of alternate trigram
e nii
e ngi
o distance: 1 (a substitution of i where there should be g)

Probabilities of successive trigrams
@ Measures:

e Can it propose something (C;)?
o Is the intended word among the proposed words (C,)?
(relevance)
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Data-driven spellcheckers
oeo

Results

@ It can propose something quite well for each type of typo
(< 90% accuracy)
@ The relevance varies a lot:

o Substitutions 59%
Insertions 30%
Deletions 73%
Transpositions 89%
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Data-driven spellcheckers
oeo

Results

@ It can propose something quite well for each type of typo
(< 90% accuracy)
@ The relevance varies a lot:

o Substitutions 59%
o Insertions 30%

o Deletions 73%

o Transpositions 89%

@ Why? We don't know for sure yet
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Data-driven spellcheckers
ooe

Spelling correction for isiXhosa

@ Used the same code as for isiZulu
@ But with the isiXhosa language model

@ Implemented, but no idea on effectiveness yet
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Data-driven spellcheckers
©00000

isiZulu text, isiZulu model

e 00
| File Edit Help

| R || sae || copy || Paste || clear || Help Hmzulu n

KUBATSHAZWA isihluku owesi engu-22. amadoda ayisihlanu eshintshana ngaye eNseleni eMpangeni.
Umphakathi wakule ndawo usababaza isigameko okuthiwa senzeke ngolLwesibili ebusuku.

Kuthiwa owesifazane ubanjwe amadoda athe ayamphelezela esegoduka esuka ejoyintini.

Ngokuthola kweSolezwe lo wesifazane kade “ezijabulisa” ejoyintini okuthiwa yifikile khona eNseleni. Kuthiwa ubecele umfowabo ukuba
amhlangabeze. Amadoda amahlanu okuthiwa amenzakalisile kuvela ukuthi aye kuye amtshela ukuthi ayamazi umfowabo ngakho
azomphelezela ngoba ubengakafiki,

Lo wesifazane kuthiwa uhambe nabasolwa okuthe besendleleni bamjikela. Kuthiwa bahambe naye ngenkani bayomfaka endlini abafike
bamdiwengula kuyona. Ekuseni kuthiwa uphunyukile wayobika ngokumehlele.

Okhulumela amaphoyisa KwaZulu-Natal uColonel Jay Naicker ukuthi aphenya icala
Inkud\wengulwz kowesifazane ( \gnore once J
“Owesifazane oneminyaka engu=22 uvule icala lokuthunjwa nelokudiwengulwa abasolwa abahlanu emuva kokuba ukuthi

Akekho

pheny usho
Umthomb uthe lolu daba phansi endaweni njengoba luthathwa njengehlazo. Ignore all

Slmangazwe yisihluku sabasolwa ngokushintshana ngengane beyldlwengu\a Kuyacaca ukuthi izingane zethu kaziphephile.” kusho

umth, S —
omunye umthnmbo uthe kuyadumaza ukuthi lokhu kwenzeka ngenyanga yabesifazane u-Agasti okumele engabe imbokodo iyavikelwa Add to dictionary
kakhulu selokhu kuqale u-Agasti. Kuyadumaza ukuthi kukhona abesilisa abasahlukumeza

abeslfazane ngale ndlela.” kusho umthombo.

Suggestions

Change

L Change all J

Double click on errors to make correction one at a time &=
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Data-driven spellcheckers
000000

isiZulu text, isiXhosa model

800
| File Edit Help

Run { Save H Copy. “ Paste H Clear “ Help H‘s‘xhosaq

KUBATSHAZWA isihluku owesi i engu-22 amadoda ayisihlanu eshintshana ngaye eNseleni eMpangeni.
Umphakathi wakule ndawo usababaza isigameko okuthiwa senzeke ngoLwesibili ebusuku.

Kuthiwa owesifazane ubanjwe amadoda athe ayamphelezela esegoduka esuka ejoyintin

Ngokuthola kweSolezwe lo wesifazane kade “ezijabulisa” ejoyintini okuthiwa yiFikile khona eNseleni. Kuthiwa ubecele umfowabo ukuba
amhlangabeze. Amadoda amahlanu okuthiwa amenzakalisile kuvela ukuthi aye kuye amtshela ukuthi ayamazi umfowabo ngakho
azomphelezela ngoba ubengakafiki

Lo wesifazane kuthiwa uhambe nabasolwa okuthe besendleleni bamjikela. Kuthiwa bahambe naye ngenkani bayomfaka endlini abafike
bamdhuengula kuyona. Ekuseni kuthiwa uphunyukile wayobika ngokumehele.

Okhulumela | uColonel Jay Naicker ukuthi aphenya icala
lokudiwengulwa P ( iiatehe ]
“Oesifazane oneminyaka engu=22 uvule icala lokuthunjwa nelokudiwenguiwa abasolwa abahlanu emuva kokuba ukuthi
Akekho uphenyo " kusho uNaicker.

uthe lolu daba phansi endaweni njengoba luthathwa njengehlazo. ignore all

“Simangazwe yisihluku sabasolwa ngokushintshana ngengane bevidlwengula. Kuyacaca ukuthi izingane zethu kaziphephile.” kusho

umthombo.

Qmm umthombo uthe kuyadumaza ukuthi lokhu kwenzeka ngenyanga yabesifazane u-Agasti okumele engabe imbokodo ivavikelwa L Add to dictionary J
kakhulu selokhu kugale u-Agasti. Kuyadumaza ukuthi kukhona abesilisa abasahiukumeza

abesiazane ngale ndlela.” kusho umthombo.

Suggestions

Change
Change all

Double click on errors to make correction one at a time [ ex
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Data-driven spellcheckers
000000

iIsiXhosa text, isiXhosa model

8006 - " —
| Eile Edit Help

{ Run || save || copy || FPaste Jl Clear | [ Help HisixhosaB

Waggibela nini ukuza kwenza uvavanyo lomzimba?
Ndagaibela ukwenza uvavanyo lwam kwiminyaka emibini edlulileyo.
Ubukhe wanalo olunye uvavanyo kutsha nje?
Ukusebenza kwegazi, IEKG okanye iultra-sound
Ndingatsho, bendikhe ndenza i-X-rays ezimbalwa kwagairha wamazinyo.
Ubuhleli uziva njani ngokuthe jikelele?
Akukho zikhalazo, nyhan.
unyuse umkhon
Ndlnqwene\a Wkothatha futhe lakho legazi
angaphez;

u kwama-80 Ignore once
ngathi utyebe kakhulu, intle loo nto

lngaha uzilolonga njalo?

Hayi, andingetsho ignore all
Ukuba ndinyuka ndibaleka izitepusi. kundithatha ixesha ukuba ndifumane ukuphefumla kwam kwakhona.

Kudingeka ndiphume ngokongezelelweyo. -
Ingalicebo elihle elo. Add to dictionary
Injani yona indlela otya ngayo?

Ndicinga nditya ngendlela efanelekileyo.

Uyazi, ndiba nehamburger elo xesha nelo xesha, kodwa ngokuthe jikelele, nditya ukutya okufanelekileyo. Suggestions

Ngoku, ndiza kumamela intlizivo yakho.

Yhu, iyabanda!

Musa ukukhathazeka, y\s(e[hos(ope yam je kuphela.

Ngoku, wakho.
Ndicela unyuse isheti yakho, uDhefumle kakhulu.

Yonke into ivakala kakuhle

Masikhe sijonge umaala wakho.

Ndicela uvule kakhulu uze uthi ‘ah'.

Change

L Change all J

Double click on errors to make correction one at a time &=
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Data-driven spellcheckers
000000

isiXhosa text, isiZulu model

600
File Edit Help

Run | sawe || copy || Pase || clear || Help | |isizulu T

Waggibela nini ukuza kwenza uvavanyo lomzimba?
Ndagaibela ukwenza uvavanyo wam kwiminvaka emibini edlulileyo.
Ubukhe wanalo olunye uvavanyo kutsha nje?
Ukusebenza kwegazi, IEKG okanye iultra-sound
Ndingatsho, bendikhe ndenza i-X-rays ezimbalwa kwagairha wamazinyo.
Ubuhleli uziva njani ngokuthe jikelele?
Ao zikhalazo, nybha.

unyuse umkhon
Ndmgwens\a ukuthatha futhe lakho legazi

angaphezu kwama-80 \gnore once
‘Awubonakali ngathi utvehe kakhulu, nte oo nto
Ingaba uzilolonga njalo? S
Hayi, andingetsho ignore all
Ukuba ndinyuka ndibaleka izitepusi, ixesha ukuba ndifumane kwam kwakhona.

ngokongezelelwevo,

Kudingeka ndiphume.

Ingalicebo elihle elo. Add to dictionary
Injani yona indlela otya ngayo?

Ndicinga nditva ngendlela efanelekileyo.

Uyazi, ndiba nehamburger elo xesha nelo xesha. kodwa ngokuthe jikelele, nditva ukutya okufanelekileyo.
Ngoku, ndiza kumamela intlizivo yakho.

Yhu, iyabanda!

Musa ukukhathazeka, vistethoscope yam je kuphela.

Ngoku, uze wakho.

Ndicela unyuse isheti yakho, uphefumle kakhulu.

Yonke into ivakala kakuhle.

Masikhe sijonge umqala wakho.

Ndicela uvule kakhulu uze uthi ‘ah’.

Suggestions

Change
Change all

Double click on errors to make correction one at a time B
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Data-driven spellcheckers
000000

Error correction—transposition typo

8006
File Edit Help

[ R [ save | copy |[ Paste || clar || Help | [iszun ]

|
|
|| vebo, ERRYER eThekwini
|

Ignore once
Ignore all
Add to dictionary

Suggestions

ngivela

Change

L Change all J

Double click on errors to make correction one at a time i
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Data-driven spellcheckers
00000®

Error correction—transposition typo

800
File Edit Help
| |

| Run | sae H Copy | | Paste H Clear H Help | |isixhosa v

Ebantwini, iinwele zikhula entloko ubukhulu becala, F?EW isixa seenwele zomzimba sahlukile kuhlanga nohlanga.

| Ignore once
ignore all
Add to dictionary

Suggestions

kwaye

Change
Change all

Double click on errors to make correction one at a time Exin
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Outline

© Discussion
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Discussion

Discussion

@ Setting the threshold is difficult

o Cleaned data or noisy data?
e Trigrams on text proper or on non-punctuation-marks?
o Cleaned trigrams or not?
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Discussion

Discussion

Setting the threshold is difficult

o Cleaned data or noisy data?
e Trigrams on text proper or on non-punctuation-marks?
o Cleaned trigrams or not?

Corpus size? Genre?

Timeliness of the text

Lowercase vs upper case (e.g., eGoli)

Sociolinguistics, if dialects have words written differently

Room for improvement on the corrector

How much do the isiZulu and isiXhosa language models differ?
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Outline

@ Conclusions
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Conclusions

Conclusions

@ We now have the spellcheckers
@ Reasonable accuracy

@ Outstanding questions on generalisability and improvement of
accuracy

@ Would it enhance MT or introduce more noise?
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Conclusions
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Conclusions

Thank you!

Questions?
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