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Abstract

This document provides an overview of a dictionary-based spell checker for Mongolian. The spell
checker is discussed focusing on its design, spell-checking the corpus texts and its further
development.
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1. Introduction

In third phase of the project for building a 5 million words corpus, we have developed a dictionary
based spell-checker named Moozuur, and spell-checked the words of the corpus. Around 30
thousand words [3, 4] are included in the dictionary of the spell-checker at first. Currently, the
dictionary contains around 100 thousand words by obtaining during the corpus texts spelling and
checking. After that, the ability of Moozuur to correct mistyped words is increased and the time
spending on the corpus cleaning is reduced.

Because some part of the corpus has been collected by scanning text sources, spelling and
correcting the words of the corpus has took much more time. For the scanned texts, to note, the
spell checker needs some special algorithms because the errors made by OCR are different from
human typing errors.

The Mongolian spell checker is divided into two main parts, spell-checking an input word and
correcting the input if it is incorrect. To check that the input word is typed correctly, the spell-
checking part compares it with the words of a dictionary in a tree structure. If the input is
incorrect, the correcting part calculates the correct forms for it by using the dictionary, and shows
possible correct forms. If any possible correct form of the input is not found, the program
considers the input as a new word to its dictionary, or asks the user to correct it by typing. The
spell-checker stores the input into the dictionary in both of the above cases.

Moozuur checks and corrects words more than 90 percent of accuracy. In the future, we develop
a rule based module on the spell-checker.
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2. Spell Checker

High-Level Architecture

There are two general kinds of spell-checker: one is dictionary-based, and another is rule-based
[1, 2]. We have developed a dictionary-based spell-checker for cleaning a Mongolian corpus. The
overall system is comprised of a user GUI, a word speller, a word corrector, a lexicon and corpora
as shown in Figure 1.

User
Tz
User GUI
E 2 E 2

Y
o Word N Word

Unclean —) Speller "| Corrector

Corous unmatched 4 alnew word
\_/

Cleaned <4m ~ :

Corpus word matching » Lexicon

Figure 1. The high-level architecture of Mongolian Spell-checker

Low-Level Architecture

Word speller

Word speller is an important part of the system. It will perform an operation of checking an input
word that is given by a user. For doing that, the input word is compared to the words in a
dictionary the speller contains. The dictionary is loaded into memory from a lexicon, currently
containing around 100 thousand words. Its data structure is a tree shown in Figure 2.

Figure 2. Tree Structure of Dictionary

As shown in Figure 2, three words that are xasap (spring), xasapx (to pass the spring) and xa+a
(wall), are stored in a tree structure. The number of characters of the strings used in the above
example is 15, while that of the tree nodes is 11 including three ends of the tree, \0’ character. As
largely increasing the number of the words in dictionary, the number of nodes in the tree is
increased less.

Here is an experiment that shows the effective memory usage and data structure. For loading
24385 headwords whose characters are 184777 in total into the memory, the number of tree
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nodes allocated into memory is 89250, or two times less than that of the actual words characters.
Thus, this kind of tree structure is suitable to storing a large amount of words and retrieving a
word from them in a short time.

If the input word is not retrieved from the dictionary, the word is considered a misspelled word
and passed into a correcting part of the system, explained in the next part.

Word corrector

Word corrector is a part to correct an input word if it is not found in the dictionary, or could be
misspelled. This module of the system finds possible correct forms of the input word by matching
it with the dictionary used in the word speller. A correcting algorithm considers four kinds of
misspelling errors. First, one of the letters in a word is mistyped, for example, a word father can
be mistyped as tather. Second, a letter is mistakenly inserted into a word, for example, father can
be mistyped as fatherr. The third error type is that one letter of a word is missed, for example,
father can be mistyped as fathr. Last, two letters of a word can be exchanged, for example, father
can be mistyped as fahter (see Table 1). The algorithm is potential to correct a wrong word
whose up to three letters are misspelled.

Table 1. Spelling Error Types

No. Mistyping Types Incorrect Form Correct Form
1. Wrong character tather father
2. Inserted character fatherr father
3. Missed character fathr father
4. Exchanged characters fahter father

For correcting the error types shown in Table 1, following algorithms are used in the word
corrector.

For the first error type, each letter of the mistyped word is replaced with a special character, and
the model words whose number is the same to the letters of the mistyped word are created (see
Table 2).

Table 2. Algorithm correcting a wrong character error type

Mistyped Word Model Word Possible Word
1. *apuuvH Not match
2. M*pyuH MepYUH
MapUH 3. Ma*yuH Max4nH, Man4yumH
4. mMap*uH Not match
5. mapy*H Not match
6. Mmapuun* Not match

As shown in Table 2, mapyun is used as an example to show an algorithm correcting a wrong
character error type. Its correct form is manyuH, a herder in English. Letter /7 is mistyped as p. To
correct that mistyped word, each letter from the beginning of the word is replaced with *, a special
character. The number of the created model words is 6 according to the number of mapyuH's
letters. After matching the model words with the dictionary, two model words could be a correct
form of the mistyped word. One model word has a form, mepyuH (tracker), and another has two
forms, maxy4un (carnivorous) and manquH+ (herder), for correcting the mistyped word, respectively.
As a result of the algorithm, three possible words are found to be a correct form of the mistyped
word, and they are added into the list that is shown to the user who chooses one of the
suggestions to correct it.

For the second error type shown in Table 1, the model words are created by deleting each letter
of the mistyped word. For example, a word mansayuH, an input word, is mistyped in the inserted
error type. Its correct form is manquH. There is an inserted letter 5. According to the algorithm, the
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input word consists of seven letters. Thus, there must be six model words that could be possible
correct forms of the input word after deleting each letter of it one by one (see Table 3).

Table 3. Algorithm correcting an inserted character error type

Mistyped Word Model Word Possible Word
1. ansyuH Not matched
2. MNSAYMH Not matched
MaSSUUH 3. MasyuH Not matched
4. manyuH Matched
5. mansauH Not matched
6. manaun Not matched

As shown in Table 3, there is only one possible word that matches one of the dictionary words, so
the possible word is added into a suggestion list that will be shown to a user, and the user choose
which possible word is to correct the input word.

For the third misspelling type shown in Table 1, the model words are created by inserting a
special character before and after each letter of the input word (see Table 4).

Table 4. Algorithm correcting a missed character error type

Mistyped Word Model Word Possible Word
1. *MayuH Not matched
2. M*ayuH Not matched
N—— 3. Ma*yuH Max4uH, Man4mH
4. May*mH Not matched
5. maun*H Not matched
6. mMadnH* Not matched

In Table 4, mayuH is a mistyped word, and its correct spelling is manyuH. There are two possible
correct word forms of a model word ma*4uH, and they are added into the suggestion list because
they can be a correct form of the input word. Other model words do not match with any word of
the dictionary.

For the fourth misspelling type shown in Table 1, the model words are created by exchanging
each two letters from the beginning of the word (see Table 5).

Table 5. Algorithm correcting an exchanged error type

Mistyped Word | Model Word Possible Word
1. amunuH Not matched
2. MYyanuH Not matched
MaunuH 3. ManyuH Matched
4. mauunH Not matched
5. maunHu Not matched

As shown in Table 5, third model word, man4uH, is matched with one of the dictionary words, and
added into the suggestion list. Other model words are not matched with any of the dictionary
words.

Summarizing four kinds of algorithms mentioned above for correcting the input word, the input
word is considered as mistyped in all four misspelling types (see Figure 3).
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Algorithm 1

Suggestion List
Algorithm 2 of Correct Forms

Input Suggested
Word - ) = 3 Correct Words
Algorithm 3

Sorting
Suggestion List

Algorithm 4

Figure 3. Structure of Word Corrector Module

As shown in Figure 3, the possible correct forms of an input word are calculated using four kinds
of algorithms explained in Table 2, 3, 4 and 5, respectively. If some possible correct forms are
found, they are placed into the suggestion list that is shown to the user. Before the suggestion list
is shown, it is sorted in the order of which form is most probably correct.

If the module does not make any suggestion form to correct the input word, the user is asked to
add the word as a new one to the dictionary, or to correct it by typing. The word corrected by
typing is also stored into the dictionary if it is not in it.

Lexicon

Lexicon contains words that are loaded into the dictionary of the word speller. Its word entities are
enriched new words that occurred during the corpus spelling. Currently, the lexicon contains
around 100 thousand word entities.

Unclean corpus

Unclean corpus is a corpus whose texts are just collected and not cleaned for research use. The
words in that corpus are not checked and may be misspelled, so they have to be checked and
corrected if some of them are incorrect.

Cleaned corpus

Cleaned corpus is a corpus prepared for processing by cleaning and spell-checking its words. It is
separately created from the unclean corpus so that two corpora can be compared for statistics of
incorrect words and other studies such as typing error features.

User GUI
The main and working views of the spell-checker’s user GUI are shown in Figure 4 and 5.
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1984 OHBI IOJITVTAAP CAPBHIH 21.
CATH 3AM,EYT23]1

CYYJHEH I'VpBaH KHII MaHaH 3aM, TYYPHHH GapHiradH] BasHxoHrop, 3aBxaH, Ter, XoHTHI,
MopHoa, Ca13Hrs, OBepXaHr3i aHMIHHH HyTar Bafapar, Uxrsctai, Tyyn, XopimsH, OpXoH 33par
TOMOOXOH rofy Temep GeToH ryyp GapHX a:HI XHH:K, OJIOHXHHT Hb AIHIJIANTAaA OPYYICHBI 133D
caikpyyiicad 6yI0y XaTyy Xy<dHITTai 3aMbIT OJIOH 3YYH KHJIOMeTP39p HIMITAYYILK, GapTaarai
razpyyaaj AHAHT IYYp GapHX, 3aMbIr Hb 3act Calbkpyymax, HHCOX OHTOLHEI GYy/NLH 3ypBac, XeJee
sk axyi)y yTpsMHIH TanGai Galryynax 35psr oJIOH 2YYH cas TeTPerHHH asKHI I'YHIBTIBE. HHXYY
ABTO 3aMMHJ VII TARaH JHIHHH TelloRNIeTeoHHH 5XHHH IypBaH KHII, 3yPraaH capbll Te/IeBIereeT
ZOPHITBIT HHHT JYHI33p aMKHTITaH GHeTyyiIcsH Hb MAXHbMH XVII HZ » Xypiiaac Tye canbéapbir
XOTKYYIIXI3pP J3BLIYYIIeSH 30PHIT aMKHTITaH Xop3r:IGK GaHraar Xapyyok GafHa.

3aM ryypHHT caHH JaHapTaH Gapba GaHIyy/IaH, TOATIIPHAT GaHHIa apyYHILK XaMIaanax Hb TYIBPHHH
XIPITEMHIH GYTIMIKHAT A53I0TYYIDX TeIHHTYH, YIIC apbil 8K axyHs HHAT canGapbH TH3BpHIH
X3PATTHHT YHITHHIAT Mmyypxai Gonrox. Gafrank opuHBIN XAMTaanax 0J0H TATBIH a4 XoI60T/ 0ToH.
MaHaH 2aM, TYYPHHH GapHIT. TatdH], HHeHep, TeXHHKTH]] 5HA Tanaap 4apMaiH axaax GaHHa.
2Ar33pHHH gotop XoB[ aHMIHHH 3aM GapHITa AlHIIATTEH KOHTOPLIHXOH 3aM TYYPHEHT IIHH3P
GapHx GOJIOH 3acBap/iax AAIbH YaHAPBIT CAFLKPYYIAX, OJIOH CATaa 3aMBIF TAIMIITKYYIIX, YYII
aBAaH[ 3aM 3act, MHHY 63/T33p HyTAT 333MIHX3] THITIICIH HAII3J CAHAaMHITA rapraH
XIPICAKYYIDK, YaHAp, YP ALUTHHAT 3300TY YLK OaHHa. SHMWIH BasHONTHH, TeB aHMIHFH 3aM,
GapHIIra, alHIJIATTBIH KOHTOD, 3aM, TYYPHHH 3ypar Tecell, YHIIB3PII IHHAKHITISHHH TeBHHHXOH
HITYY 9apMaiiIT raprad yp AyHA Xypd OafHa.

Tokal word: #58

Figure 4. Main View of Spell-Checker
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158361 aBTO 3aM4H VII TABAH JKHIHIH TOJIOBII6TreoHHH YXHHI I'YPBaH
15833 30PHITBIT HHHT AYHII3P AMKIITITAH GHeTyyIIcoH Hb MAXHeE

168391
158401

Figure 5. Working View of Spell-Checker

XOIKYYI3X33p A3BIIYYTIesH 30PHIT aMKHITITaH X3parakok Gai

As shown in the above figures, the GUI is divided into two main views that are a corpus view and
a text view. The corpus view has two sub views. One is a text view, and it shows the texts of a
corpus in a tree view. The user can load the corpus from any directory, and selects to open a text
in the corpus. Another sub view shows images of the texts so that the user can compare the
words in a text that are not identified with its original image that can be identified if the texts are

OCRed.

The text view is a working field of the spell-checker. The user checks and corrects the words on
this field after opening a text from the corpus view. As clicking start button, it is started an
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operation of checking the opened text. Then, the text is tokenized into words, and they are
fetched to the word speller mentioned earlier one by one as an input word.

The incorrect words are highlighted with a red color in the text field one by one. The incorrect
word is also located in a text box above the text field allowing the user to correct it by typing. The
message showing a state whether the suggestions of the correct forms are available or not is
appeared on the right side of the text box.

After spelling and correcting a text, the user is asked to add new words found in the spelled text
into the dictionary of the spell checker (see Figure 5). The user can review and edit the new
words in the list view.

E‘.y'
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Start

AUKHITIAX X5P3TTHH.

YTpIMHEH TanGail akryyna
HaHMIyTaap capbiH 20-HBI I
KOHTOp GYPHHH H3H XapHYLI
9HD AMUILIT GOTHHO XyTalaaH
TogopxoH rpadgHIHAH garyy|
3YHN caHaawWIaH X3P3IKYYITH
0JJ0OHOOC caHH XaHT Ak XYH]
GalryymanT, 3acBaphbH b

L{aanmy 3aM, TYYpHEH GapH]
KHITIAMBH YYP3T XapHYL)

DX OPHBI X6/166 HYTAI'T HAMJj

XaMT, ITHHY 6 aHTyyITa MyKHETH

uyxan GafiHa.

Word count: 42

TYYPHAH
Banapar
HMHM3CTaA
OMOHAMIAC
HYHANTTAA
KMNOMETp3aD
fapTaaTai
OyyAnBH
YTRIMUAH
MyALRTr=E

ATTITAT MePAYYII3X Tanaap aI e ] |

YHIOBSPIAM, XeZeNMepHIT oHOBUTOH 30XHOH GaHIyYIDK, Xy HOSLHHT TeRIepYYIISH JaBIIHHIYH

=k OaiiHa. FIHMI yprall XypaanTaac eMHe

ACBAPITAX AL ABLILIT 3PC TYPIITIIA,

M, TYYPHHH OapHNITa, allHIIATIBH aHIH,
praw XypaarTbH O30 TITUHEH qyXan X3¢3r
1T TeXHHK, MeXaHH3MbBIT TORIIBPYYIIIH
Tanaap ABTO 3aMbIH epeHXHH ra3ap HX
kaMT GaHIyyIIIaryyabH eBIHIH G5ITIAHHAT
bIT GYP3H 39X3X Hb 3aM, TYYPHHH

07T HOXI1e/T MOH.

bIH TaHAPBIH anbabIl 63XKYYIIH, TIHI
JIBIH XAHAIT IATATIBIN TOITMOJLKYYJIaXbIH
Jranrazk, 3ypar TeceJ1, TEXHONOTHEH 3aaBPbIT
ro10pX0H SPUHMTH aKHT 6pHYYIIX Hb

3aM, TYYPHHH 3ypar TeceJI 60I0OBCpPYYITaxaac 3X15H 6apHX, Ye INATHBI aXKHT XAHAIT TABHX, YAHPAAK
30XHOH GaHryymax, 3acBap YHTHII? XHHX OyXHH J1 T Aakarag 3XV-bH anapT 3aMdHI,
GapHITadAbH Gasar TypLUUIaraac Cypamax, GYToamanp HIBTPYYIIIX 3aMaap daHap, Yp AlrHHH
Y3YYJIITHHT TOITBOPTOH I33LUTYYIIX Hb MAHAH OPHBI ABTO 2aMbIH GapHIITa, ALHITIANTEIH AHHITIHI,
HHZKEHED TEXHHKY/IHIH 6HOOTHIH YPX3M 30PHIT MEH.

Figure 6. Add Window of Spell Checker

~
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3. Corpus Cleaning with Spell-Checker

The corpus for Mongolian has been collected from both of electronic and hard sources. Thus, the
texts in the corpus have words spelled incorrectly. For cleaning the corpus, the spell checker
explained in the previous section is used as one of the corpus cleaning tools.

As using the spell-checker, the time to spend on spell-checking texts by hand is reduced ten
times. The rate how the spell-checker works is shown in Table 6.

Table 6. Rate of the Moozuur ability to correct the misspelled words

# Words in text Incorrect words Correlt\:nt edwords by Corrected
oozuur words by hand

1. 683 83 63 20
2. 725 114 95 19
3. 726 257 189 68
4, 805 85 74 11
5. 772 104 86 18
6. 939 208 181 27
7. 728 118 99 19
8. 810 243 177 66
9. 770 122 99 23
10. 729 200 174 26

768 (100%) 153 (19.9%) 124 (16.1%) 29 (3.8%)

As shown in Table 6, the number of incorrect words is decreased after correcting each text
because Moozuur is based on the dictionary. Consequently, some correct words not in the
dictionary are considered incorrect. However, these words are added into the dictionary at the
first time as occurring. Considering that, Moozuur ability is 95 per cent of accuracy to correct the
misspelled words in a typed or electronic text and 80 per cent of accuracy to correct the ones in a
text recognized by OCR application, if the dictionary is increased enough.

Some of the incorrect word forms are shown in Table 7.

Table 7. Some of the Errors Occurred in the Text Cleaning

Two Misspelled Letters Over Two Misspelled Letters

Incorrect Correct Incorrect Correct
X04eSIMepUinH XegenvepuinH OWOnbrH OHONbIH
CYbIH CYMbIH XYUYyangvH XYMYV>KITUH
Mauug Manymg, XyTaLlwn XYYHUN
OHEeOernnH OHOOernnH XOMIK33Mnn XIMXKIIHUN
TEXHHK TEXHUK XOMSACIIHUN XIMXKIIHUN
OanryynnaroiH GanryynnarbiH TYMHHIX33 TYMHUNX33
xegenmvep xegenmep Tenes3nenTuHr TONeBnenTUir
YANONA3PISNNnH YWNAB3PA3NnnH AyHObL OyHAObIH
Mexakasm MEXaHN3M LieeKrymr L@OHIymnr
AMIATANYYYANNH | AMIrTONYYYAUNH | A3BNYrNTTON O3BLUNNTTIN
TAKIBNANH TOKINMNNH yNAOBIPMAANNMANXIIC | YUNLBIPNANUNHXISC
YHNOBIPNANNHH YVNAB3PA3NnnH ynngsapnanwni YWUABIPNANNIAT
XOHOHMpPYYNgar XeHgunpyyngar KeeLHnr Heeunnr
OCPBHTOMN JOpBUTON alwnwT aLruir
YKHITHWH YKUNNH TBNB3 TONee
LWNNO33pT3N LWNNOBIPTIN X3KJ1C33HHWN X3MXKI3HUN
AUYHITI3 AMYMIITII XHLUN XUMXK
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B3XXKYYNaxsg 6GaxXKyynaxag X3enMepHIH Xe4erMepuinH
HOOLINHT HeeLnnr Kanbin HaMbIH
OaHnpgaaunsbl OanngaaHbl X3racal, X3MHICIH
Teneep Teneep TanaBrnereer TerneBnereer

In Table 7, the misspelled words are shown by classifying according to the number of misspelled
letters in a word, less than or equal to two in the first column and more than two in the second
column. Moozuur can correct misspelled words like ones shown in the first column, but the
misspelled words in the second column are corrected around 80 per cent because they are not
real mistakes, instead they are orthographic errors caused by OCR. To improve the correction
ability of Moozuur, we are analyzing the information about the misspelled words, and it is possible
that Moozuur can correct misspelled words till 90 per cent in case of ORCing.
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4. Conclusion

In this project phase, we have developed a dictionary based spell-checker for the Mongolian
corpus cleaning. The corpus texts have been collected by using two methods, scanning and
electronic sources. The words of the texts that are scanned are around 1 million, and the rest of
the words, counted 4 million, in the corpus are collected from electronic sources. Moreover, the
scanned texts take more time to spell and correct their words because of the errors caused by
OCR application. 20 percent of the scanned texts words are incorrect words and most of the
incorrect words are corrected by hand.

Moozuur considers four types of mistyping errors: wrong character, inserted character, deleted
character and exchanged character, respectively. For words mistyped in the errors, Moozuur’s
ability to correct them is more than 90 percent.

In further, the dictionary of the spell checker is extended to be rule-based and updated from the
corpus automatically.
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