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A, INTRODUCTION

Spell checking in Vietnamese is no longer an issue once Vietnamese characters have
been finally encoded for use in computers [1,2], and even more so when the knowledge
of language is no longer alien to computer scientists. This paper sets out to show that
automatic spell checking for the Vietnamese written syllable (chi#) is feasible, and goes
one step further to show that automatic spell checking without an associated spelling
dictionary is also feasible, if not conceptually more consistent and coherent. Further-
more, an automatic spell checking for a set of specialized dictionaries is also desirable,
when data entry is mixed (for example, media-wise) and broad-coveraged. That is, one
can now think of dictionary compilation with automatic spell checking.

We will show that an independently built dictionary for machine spell checking is con-
ceptually inconsistent, because a spelling dictionary cannot check itself. We will go on
to show that a machine spell check can only be at most a sophisticated string searching
program against a list (called a dictionary). Such algorithm can only tell whether a word
isin the spelling dictionary, but cannot tell whether a word is in the language, or wheth-
er it is possible in that language. In order to check the spelling of a spelling dictionary,
one must have some knowledge of what constitutes a word in that language.

B. SCOPE OFAUTOMATIC SPELL CHECKING

First and foremost, we ask several questions in order to clarify the subject matter of ma-
chine spell checking:

() Whatis spell checking ?
What is spell checking in a particular language ?
What is spell checking in Vietnamese ?
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Spell checking, in the context of this paper, is a set of rules which match strings from a
natural language text against a list of strings (called a dictionary) the spelling of which is
considered "correct". We are thus mainly dealing with computer algorithms.

B.1. Multi-lingual spell checking

It is possible to imagine some form of multi-lingual spell checking in the near future.
Given a text in electronic form written in any existing natural language, or languages, it
is possible to perform spell checking. However, in the present state of computer tech-
nology one cannot yet imagine spell checking for a text in both Vietnamese and Russian
simultaneously -- for many reasons, including possible overlapping of character codes
in an 8-bit environment. Thus, spell checking within the scope of our discussion is spell
checking of a text in one natural language. Most of the current spelling softwares are of
this type.

B.2. Spell checking and spelling dictionary

Spelling software in the market today is essentially a sophisticated and enhanced dic-
tionary lookup. The program looks at one word, or one string, and searches for a match
in an associated spelling dictionary for the word or, at best, some limited alternate
forms of the word (inflection, gender, number, etc.) and/or limited possible errors.

Spelling based on words is thus limited by the size of the spelling dictionary and the de-
gree of sophistication of the lookup patterns (all possible alternate forms of the
searched word, i.e. some form of anagram or morphological shapes). The size of the
spelling dictionary is limited for several reasons: (a) new words are coined every day, (b)
words in one professional field (or sublanguage) may not be used in any other, and (c)
the size of the computer in use. Thus, we can safely assume that for practical reasons,
the factory supplied spelling dictionary does not cover all words in a language. Putting
all practical limitations aside, for investigation purpose, we are concerned with the the-
oretical limitation in (a) only.

One additional feature of spell checking is that it allows users to add more words to the
spelling dictionary, to overcome factory limitations. Theoretically, a spelling dictionary
cannot check the spelling for itself. Thus, words added into the spelling dictionary are
assumed to be correctly spelled. Consequently, words in the spelling dictionary are not
error-proof, unless there is an independent standard which ascertains the spelling of
the spelling dictionary. The independent spelling standard, in this sense, is the main is-
sue of this paper.

Furthermore, adding new words into a spelling dictionary is practically limited to man-
ual entry because it cannot be done automatically unless manual verification of spelling
is done.
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B.3. Spell checking and syntax

One conceptual limit of spell checking is that a spelling program can only mark off a
word which is not in its spelling dictionary. It cannot tell whether the word (in its spell-
ing dictionary) is correct, that is, correctly placed in the sentence. This is of course a
syntactic problem, which is beyond the scope of spell checking.

For example, spell checking cannot mark "sai" to "nai" in "Toi bdt dwgc mgt con sai".
Both "sai" and "nai" are in standard Vietnamese dictionaries.

B.4. Spell checking and automatic correction

Because of the conceptual limitation of the spelling dictionary, the spelling program
can only warn of possible spelling problems, but cannot automatically correct the target
word. Several reasons can be surmised: (a) the spelling dictionary is incomplete (the
correct word may not be in the dictionary), (b) there may be foreign words intermingled
in the text (no correction is possible), and (c) there is more than one possible correction.

Therefore, spell checking only marks the target word for possible spelling errors (i.e.
correct patterns may not be in the spelling dictionary) and suggests possible corrections
according to existing patterns in the spelling dictionary). Human intervention is needed
for such choice.

B.5. Possible words and spell checking

We have argued that in spelling, no associated spelling dictionary is complete, that it is
impossible to correct spelling for words newly added, that there is no means to correct
spelling for the spelling dictionary, that there is no spell checking of combined mor-
phemes which exist implicitly throughout the spelling dictionary (for example, "anti-
compositionism" cannot be found in any spelling dictionary, but both "antizionism"
and "composition" may exist).

For the above reasons, we can say that spell checking is a procedure which tells whether
a string surrounded by delimiters is in the system (here, the associated spelling dictio-
nary) or not. It does not tell whether such a string is in a (natural) language.

Since Vietnamese has a limited number of written syllables (chi#) which are definable,
we can define spell checking in Vietnamese as a procedure which tell whether a string
(with or without delimiters) is or is not Vietnamese. This is also true for other monosyl-
labic languages.

B.6. Spell checkingin Vietnamese
The nature of the word (i) in Vietnamese is obscure [3]. This fact has been noted by

many linguists since Vietnamese was first studied. However, linguistically, the syllable
is definable and always holds a special status in Vietnamese (which was called vaguely
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as a monosyllabic language). Spell checking in Vietnamese has less to do with words
than with syllables. It was noted in [3] that

(i) AwordinVietnamese, if it exists, consists of one or more syllables (an integer num-
ber of syllables).

(iii) Amorpheme in Vietnamese, if it exists, consists of one or more syllables (an integer
number of syllables).

(iv) Each Vietnamese syllable is written separately and bordered by delimiters. This is
usually thought of as a property of monosyllabicity.

(v) A Vietnamese phonological shape corresponds one-to-one with its written shape
(cf. Appendix A in [3]).

Since there is a one-to-one correspondence between a phonological [psychologically
abstract] syllable (tiéng) and a written one (chi#), and possible syllables are derived from
phonological generation in Vietnamese, it is therefore preferrable to assume that
(vi) Spell checking in Vietnamese is a process of marking non-Vietnamese syllables.
We will prove below that under the assumption (vi), it is possible to devise an algorithm
which checks spelling without an associated spelling dictionary.
C. BASICASSUMPTIONS AND OBSERVATIONS
A diacritic mark is a tone mark (henceforth, 7) or vowel mark (henceforth, v).
1. Suppose we have a generalized structure of a Vietnamese orthographic syllable [5]:

(1) -

CHU

N
ONSET RHYME

ICC OR VC SEC

l (-é\vt) /\

/ (C1) (C2) (C3) (W) V1 (V2) (G]) (G2) /

One can also write, in a version of BNF formalism, informally:

<CHU> := [<ONSET> ] <RHYME> . (1.1)
<ONSET> := <ICC>|<ICC><OR>|<OR>. (1.2)
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<ICC> = [<*Cl>[<*C2> [<*C3>]1]. (1.3)
<OR> = <*W>|<*NULL>. (1.4)
<RHYME> := <VC>|[<SEC>]. (1.5)
<VC> = <HMVIs [<Fs ] [ <] [<FV2s [ <P ] [<Fe ] ). (1.6)
<SEC> = <*Gl> [<*G2> ). 1.7)

where: <X> non-atomic segmental (non-diacritic) X,
<*X> atomic segmental X;
[X]  Xor<*NULL>;
| or;
<*v> and <*#>, non-segmental, associated with the left segment.

where: / a syllable delimiter
Cl initialconsonant{bcdd(gh(@)klmnpqrstv(w)x (2)}
C2 supporting initial consonant, { h gir}
C3 supporting initial consonant, { 1}
W  semi-vowel, {ou}
V1 centralvowel,{aeiouyland{ado}
V2 glide of central vowel, {aeo}and {6 o'}
Gl syllable-ending character, {iyoucptmn}
G2 supporting syllable -ending character, { 1 g}
t  tone mark, { huyén o hdio ngao sdco ndngo}
v vowelmark, {860}
positions in parentheses are optional.

There are systematic constraints on co-occurrence of elements of a Vietnamese syllable,
some of which are relevant to correct diacritic placement [6], and some of which are suf-
ficient for our purpose of syllable checking.

Alternatively, we can also say informally:

(2) Each syllable consists of an obligatory central vowel group, flanked on both
sides optionally by consonants.

(3) Each Vietnamese syllable has only either one vowel mark or one single tone
mark or both.

In cases such as cdong, cuwdng, there are 2 identical vowel marks in a syllable.

(4) Vowelmarks are selective: [4] only goes with {a}, [6] with { ae o} and [0] with
{foul.

(5) Vowel marks only appear on V1 and/or V2 position, never on G1 position.

Hence, in the Vietnamese writing system, if a syllable has a tone mark and a vowel mark
simultaneously, they have to appear on a single vowel position. There is no case where
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the vowel mark appears on one vowel while the tone mark appears on another withina
single syllable.

(6) Possible errors in vowel and tone placement arein C2 { {}, W, V1, V2 and G1
{iyoul.

and more generally,

(7) Tone and vowel diacritics only associate with the last vowel or next to last
vowel of a syllable [6].

2. Suppose we have a system of writing Vietnamese in the computer which fuses vowel
mark v, tone mark ¢, and vowel V into one single ASCII position (i.e. a Vvt composite,
most current Vietnamese systems on PCs are of this sort).

Rules (3) - (5) that are concerned with vowel marks are not relevant under TCVN
5712:1993, and the leaves of rule (1) is simplified for:

(1.a) W semi-vowel,{ou}
V1 centralvowel,{addeéiodouwy}
V2 glide of central vowel, {adeéo 6 o}
Gl syllable-ending character, {iyoucptmn}

D. SPELL CHECKING IN VIETNAMESE

We say that a Vietnamese syllable is well-formed if and only if a string meets the require-
ments of the structure in (1) and (1.a) and the following preliminary set of conditions.
We call these conditions syllable well-formedness conditions which operate from left
to right together with a loosely-defined parser:

(8) Initial consonant formation

i. ifC2=h,Cl={cgknpt}

This rule gives consonant clusters ch-, gh-, kh-, nh-, ph-, th-
ii. ifC2=g Cl={n}

This rule gives the consonant cluster ng-
iii. ifC2=i,Cl={ g}

This rule gives the consonant cluster gi-
iv.  ifC2=r,Cl={1t}

This rule gives the consonant cluster r-
v. ifC3=h, C2={ g} and Cl={n}

This rule gives the consonant cluster ngh-

9 Onset rounding dissimilation
i.  ifWexists, then ICC does not contain { bgi m prv} and { ¢ k}[optional]
ii. ifICC={kg}, thenW={u}
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The rule (9.i.) is marked optional because there are foreign influenced words such as
Thdnh Gioan, moa, cua-roa, voan, pudc-boa, ... Although we do not have gu- for cases
like guy, goai, godng, gudc, guynh, goe, etc., they are all possible syllables.

The { c k} group is influenced by the Portuguese writing system, where ¢, k and g are
complementarily distributed, so that g is assigned to carry Wrounding (i.e. qu-).

(10)  Central Vowel rounding dissimilation
if W exists, then V1 does not contain { 0 0 u w}.

(11) Glide and Vowel dissimilation
i. ifVi={ade}, W={0}
ii. ifVl={déiyo},W={u}

(12) VC formation

i. ifV2exists,Vl={aeiodouuwy}|orVldoesnotinclude{ddéo}l
ii. ifV2=q,Vl={aiyuu}

This rule gives vowel clusters ag, ia, yaas in tadng, hia, khuya, khua, chua.
iii. ifV2=e, Vl={e}

This rule gives vowel cluster ee, as in beeng.
iv. ifVv2=¢,Vi={iy}

This rule gives vowel clusters ié¢ and yé, as in chiéng and chuyén.
v. ifV2=0,V1={o0}

This rule gives vowel cluster oo, as in boong tau.
vi. ifV2=4,Vl={uod}

This rule gives vowel clusters ué and 66, as in buéngand béong
vii. ifV2=0, V1={ v}

This rule gives vowel cluster wo as in thuong.
viii. ifVl={da}, V2 ={} and Gl isnot {}.

This rule does not allow a syllable to end with d or 4.

(13)  Portuguese complementary distribution
i. ICC={kghngh}, W={},VC={eéiy}
ii. ICC={cgngl,W={},VC={addobouuw}
iii. ifICC={qggl,W={u},VC={addeéiooy}

(14)  Rhymedissimilation
i. ifGl={iy}, Vldoesnotinclude{eéiy}
ii. ifGl={ou},Vldoesnotinclude{od u}

(15)  Final consonant cluster SEC formation
i. ifG2=h,Gl={cn}
This rule gives final consonant clusters -ch and -nh.
ii. ifG2=g Gl={n}
This rule gives final consonant cluster -ng.
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(16)  Rhyme formation
i. ifVC={eeoo}, SEC={c ng}
ii. ifSEC={chnh},VC={aéiy}
for example, canh, cdch, chénh chéch, huynh huych...
iii. if SEC={ ng}, VC does notcontain{éiyo}
however this is a weak rule, since we can imagine bong.

17) Occlusive tones
if SEC={ c ch p t}, tone={ sdc ndng}

(18) Orthographic accidents (perhaps Portuguese complementary distribution)
i. ifVl={ieé}, ICCdoesnotinclude { c g ng}
ii. ifVlorWisoneof{addoéouuw}, ICCdoesnotinclude { gh k ngh}

(19)  Generation adjustments to phonological to orthographic equivalences:
i.  gii-isadjusted to gi-
ii. quu-isadjusted to qu-

(20)  Minor (dissimilation) adjustments to non-existent rhyme patterns:
-du -di -do -d4i -do -ei -eu -éi -éo -ii -io -iy -yi -yo -yy -ou -60 -0'0 -uu -uo -uo.
Note that -io only exist in gio.

The above conditions are incomplete and may overlap in operation. Ideally, the set of
rules (1)-(20) would recognize or generate about 15,000 syllables, while in reality, Viet-
namese only uses less than 7,000 syllables.

E. EXAMPLES OF SPELL CHECKING

Spelling errors in texts come from many sources, but are not at all at random. Current
technology in text input is usually systematic, i.e. depending on the systems of input.
For example, the types of errors that handwriting produces is different from those type-
writing produces, and these are different from those produced by scanning. Types of
spelling errors from electric typewriters are different from those of mechanical (old)
ones. American typists have different types of spelling errors than the French, although
both may type an English text. We say that both are influenced by the sound and writing
patterns of their native language...

E.1. Anagram and spell checking

(21)  Assumption 1.
The word to be checked may have all characters, but not in correct order.

With the help of an anagram, we can suggest the correction of a Vietnamese chizin some
case, and give a choice in other cases. For examples, a string of four characters [&], [i],
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[t] and [v] has only one single correct spelling, viét, according to (1) and (9)-(18) above.

In this example, we leave out the sdc tone, an associated program [6] for correct place-
ment of the tone will do the job.

Thus, an anagram of a string consisting of [v], [i], [é] and [t] gives only one correct an-
swer, viét:

gitv  @éivt étiv  étvi évit évti
iétv iévt itév itvé ivét ivté
téiv tévi tiév tive tvéi tvié
véit véti wviér vité viéi vtié

However, the string of four characters [a], [h], [m] and [n] has two possible correct spell-
ings, manh and nham:

ahmn ahnm amhn amnh anhm anmh
hamn hanm hman hmna hnam hnma
mahn manh mhan mhna mnah mnha
nahm namh rnham nhma nmah nmha

An anagram in the worst case, will create n/strings. The worst case in Vietnamese ana-
grams would be 6! (720 strings), theoretically, much less, in nghiéng with many dupli-
cated strings.

E.2. Anagram, keyboard finger placement and spell checking

The following assumptions are aimed at arriving at a solution sooner, more for practical
reasons than theoretical ones [4]. Thus, for Vietnamese, a system of language specific
and keyboard specific assumptions are necessary to direct the choices for spell check-
ing.

(22)  Assumption 2:
A word to be checked may have all the characters, but not in the correct order
and one of the character may be incorrectly entered.

It is possible to show that it is easy to check spelling if the target string (string in ques-
tion) has all the characters. It is also possible to show that if the target string having
more characters than intended, it would be easier to check (correct) spelling than when
the string has less characters than intended.

(23)  Assumption 3:
The word to be checked has all its characters, but not in the correct order and
one or more of the characters may be incorrectly entered.

(24)  Assumption 4:
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The word to be checked may not have all its characters entered correctly.

(25)  Assumption 5:
A typo error usually occurs when fingers are placed in a non-standard manner
on the keyboard.

This assumption is useful because with the standard QWERTY keyboard and standard
10-finger typing, an a is usually mixed with g, s, or z (left little finger), and an sis usually
mixed with a, w, d or x (left ring finger).

Note that other type of input (such as electronic transfer) may have a different type of
errors, sometimes from mixing bits.

E. CONCLUSION

Spelling without a dictionary has important theoretical and practical implications. In
Vietnamese, spelling based on the syllable, rather than the word creates strong con-
straints on the input and thus allows stronger error corrections.

On the other hand, a dictionary is, among other things, a prescriptive standard of spell-
ing. One cannot imagine a dictionary with spelling errors. Massive and mixed data en-
try in dictionary and database compilation raise a series of other problems pertaining to
spelling consistency and correctness, etc. throughout the dictionary/database, which
are not at all trivial. Furthermore, any system which requires some form of internal nav-
igation and search for crucial data (such as text databases, encyclopedias, information
databases, hypertexts, etc.) also requires a very high level of consistency and correct-
ness in spelling of keys, especially when the keys are actual words in natural language.
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