5. Lao

Lao language is derived from Kam-Tai branch of Tai-Kadai language spoken by approximately 3
million people in Laos and Thailand [17]. Traditional Lao literature has been written in Lao and
Tham scripts. The Lao script emerged in 13" [18] or 14" century [19], deriving mutually with old
Thai script from Brahmi writing system. Lao script was simplified in 1960, making it more regular
[18].

5.1. Writing System

5.1.1. Character Set

Like Indic scripts, Lao script consonants also carry an inherent vowel, and in addition an inherent
tone, both of which can be over-ridden by explicitly specifying them. Lao script has 27
consonants which are divided into three classes, high, middle and low. This grouping helps in
determining the tone of the syllable, along with the tone marks and vowels. These consonants
are given in Figure 5.1. Vowels are always written around a central consonant. Vowels occur in
full form or as marks which can attach before, after, above or below the consonant. Lao vowels

are shown in Figure 5.2 [21]. Slightly variant vowel list is reported in [4].

N 2 8 9 9 8 2 ¢ 0 60 1N 0 v U d
g o W W U ¢ 8 9 9 M 9 8

Figure 5.1. Lao Consonants

v & 8 ¢ Xe uXe Xe Xae (8w To Jow
Short Vowels
Xa & & ¢ X X X & f Xo (o 5o
Long Vowels
X WX Fa Cq
Diphthongs

Figure 5.2. Lao Vowels [21]
(X used as a placeholder for a consonant)

Lao script also has four tone marks, shown in Figure 5.3.



Lao

Figure 5.3. Lao Tone Marks

Lao also possesses special characters shown in Table 5.1.

Table 5.1. Lao Special Characters

Name Glyph
Mai Sum (Sentence Repetition) 97
Mai Sum (Word Repetition) ‘j
Mai Kalan :

Mai Sum (97, ‘j) are used for sentence and word repetition. These are used instead of writing

the whole sentence or whole word again. Mai Kalan is used with foreign words and is optional.

Lao has its own set of numerals given in Figure 5.4.

o 9 ¢ »H & € ® N Q w

Figure 5.4. Lao Digits

5.1.2. Script Details

5.1.2.1. No Word Spacing

Like other South-East Asian scripts such as Thai and Burmese, Lao does not have spaces
between words. Native readers identify word boundaries using their tacit knowledge of the

language. Text is written in continuum and space is only used at the end of sentence or clause.

5.1.2.2. Vowel and Tone Marks

Vowels are used in conjunction with consonants to modify the way they are pronounced. They
attach at the front, back, top or bottom of the consonant. Unlike Indic languages multiple vowels

can attach to a consonant. These variations are shown in Table 5.2.

Table 5.2. Lao Vowels with Consonant KO
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(+N (N Connects to Left
N+e Nne Connects to Right
N+ N Connects at Bottom

3 q
(] D
N+ N Connects at Top
(+N+ Q Lﬁ Connects to Left and Top

The tone marks are always placed above the consonants. If there is already a vowel above

consonant, the tone mark will stack above the vowel, as shown in Table 5.3.

Table 5.3. Placement of Lao Tone Marks

(+N+:: tN Above the Consonant

2

o S
N+ N Above the Vowel

Further details are given in the discussion on syllable structure later.

5.1.2.3. Syllable and Syllabification

Lao is a syllable based language. The syllables are structured around a central consonant (also
known as main or nuclear consonant). A syllable might optionally have combinational
consonants, at least one vowel which may be placed before, after, above or below the main
consonant, and up to one tone mark. This is illustrated in Figure 5.5 below. Capital C indicates
the nuclear consonant. The subscripts “0..n” mean zero to n, indicating that all are optional (in

case of zero) except the nuclear C.

To1
Vo1
| Vo1 [Cos| € |Voi|Cou]
Co1
Vo1

Figure 5.5. Generic Syllable Structure for Lao (C = Consonant; V = Vowel; T = Tone Mark)

A detailed syllable template for Lao is shown Figure 5.6. X, through Xq are explained below.
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Xs
X4
| Xo [ X1 ]| X [ Xe | X7 | Xs | Xo | Xio |
X2
X3

Figure 5.6. Detailed Syllable Structure for Lao

Xo represents a vowel which always occurs before the nuclear consonant X.

X1 is a combination consonant :1 which comes before the nuclear consonant, only if the

nuclear consonant is one of {9, &, ¥, U, 8, 2}. It can also occur before .

X represents the nuclear consonants.
X2 is ¢z and comes only when 1 occurs as X1 (in this case, there will be no nuclear

consonant) and the combination forms the nuclear consonant.

X3 represents vowels which occur under the nuclear consonant.

X4 represents vowel which occur above the nuclear consonant.

Xs represents tone marks which appear above nuclear consonant or above vowels.

Xs represents consonant vowel, which occurs after nuclear consonant. This functions as
vowel when the syllable does not have any vowels, and always appear with Xs.

X7 represents an after-vowel. However X7, always indicates the end of syllable and it
never exists with a tone mark.

Xg represents alternate consonants.

Xg represents alternate consonant to pronounce foreign language words. It always exists
with Xjo.

X410 represents different marks as discussed in Table 5.1. Mai Sum may be considered

outside the syllable.

The following Table 5.4 further classifies where each Lao character can occur. A character can

fall under multiple categories depending upon its position in syllable.

Table 5.4. Positional Restrictions on Lao Characters in a Syllable

Xo X4 X Xz X3 ) Xs Xe Xz Xs | Xo | X0
(= (0| N2 @ || oS | O 0| Bx | N[ A
(=X, 9 9 2 o e | O | 9| VX | 9| R
t=x03 g 0 0 §3=x43 o J= X3 f::.':?‘]=x73 g | 3
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¥ =Xos n U U B | o olw
T=xos A =X s ulu
/U U ]| T= X U
S 2 U =X 3
2 s W 3)
W 9
n U

Syllable boundaries are detected based on a set of conditions. For example the syllable Lfl’m

satisfies condition: XO1(X1) X(Xz) X4_1 | X4_2 (X5) (X3) (XQ: X103) (X10_1 | X10_2). It states that a

syllable that fulfills this condition must have vowel Xy t. Combinational consonants X; and X, are

optional. It should have a main consonant X which is 1 in this example string. It must have one of

I3

the two vowels Xy or X4 (Z or ). Tone mark X5 and consonants Xg and Xg are also optional.

Moreover if Xg0ccurs it must be followed by X493 One of the X;o4 or X402 can occur optionally. The

syllable template is filled for this string in Figure 5.7.

S
Figure 5.7. Syllable Template Filled for Lao String £31C)

Further algorithmic details and a complete set of syllabification rules are given in [20].

5.2. Collation

Two different strategies are commonly used in Lao for collation. One of these uses base

characters and collapses them into bigger linguistic units and assigns a single collation element
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per unit. The second strategy does not collapse the input characters and assigns a single
collation element to each character in the script. The two mechanisms are known as language

based versus script based collation.

Lao language has syllable based collation. The word is subdivided into a sequence of syllables
for sorting. Then, given two words, their initial syllables are compared. The second syllables of
these words are only compared if the first syllables are identical, and so on. This strategy is
significantly different from Unicode Collation Algorithm [2] discussed in Chapter 2. In the earlier
algorithm, after collation elements are assigned, a single sort key is generated for each word for a
single comparison with other sort keys from other words. However, in the case of Lao, there will
be a sort key generated for each syllable (not word!). The comparison of words will be an
iterative process which compares sort keys of each syllable in one word in sequence, with
corresponding sort keys of syllables in other word. These comparisons will be done until a

difference is found.

Within the syllable, Lao sorts at four levels, with nuclear consonants getting the primary weight,
vowels getting the secondary weight, alternate consonants getting the tertiary weight and tone
marks getting the quaternary level weight. Punctuation marks and some other Lao characters are
ignorable at all levels. Most popular Lao dictionaries generally agree on the order of consonants,

though differences lie in the ordering of vowels and combining consonants.

5.2.1. Text Processing

5.2.1.1. Syllabification

Lao strings are collated based on syllable sequence. Thus, it is critical to syllabify the strings to
be compared. This can be done through advanced language processing techniques, both by
extensive rule-based systems [4], or using statistical methods. Some initial details for rule based
syllabification are provided in Section 5.1.2.3. There has been very limited work on statistical

solutions for Lao syllabification.

5.2.1.2. Syllable Parsing

Lao characters behave differently in collation depending on where they occur in a syllable. For
example, consonants get primary weight in collation if they occur as main consonant X,
combinational consonant X, X2 but tertiary weight if they occur in a secondary role as Xg and Xg,

as given in Table 5.4. Thus, the syllabification process should not only return syllable boundaries
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but also label the role of each character within the syllable string. This implies that complete

internal parsing of syllable is also desired. Lao Letter WO o can play as X, X, X¢ and Xgin a

syllable. Therefore it can acquire primary (when X or X,), secondary (when Xg) or tertiary (when

Xg) weight.

5.2.1.3. Reordering

The syllable structure illustrated in Figures 5.5 and 5.6 shows that a main consonant can be
preceded optionally by another consonant and a dependent vowel. Like other Indic scripts, these
characters are logically treated to occur after the central consonant. However, unlike encoding of
South Asian scripts, Unicode encodes Lao characters in visual order (for backward compatibility
with earlier systems for Thai and Lao). Thus, the characters have to be reordered into the logical

order for collation.
In addition to typing the initial vowel and combinational consonant before the main consonant,
there can be many ways of typing the characters following this main consonant in a syllable. For

example, the string ) can be generated by the sequence 1 + ¢ + & or alternatively by the

()
sequence ;1 + < + i These differences can also cause inconsistent collation results. This
inconsistency in collation is shown in Table 5.5. below. Different character sequences result in
different sort keys using the same collation elements causing different sorting order. Thus,
reordering of all characters in a syllable needs to be conducted in a consistent order before

sorting can proceed.

Table 5.5. Differences in Sort Keys Caused by Variation in Character Sequence

Syllable
(N Collation Elements Sort Key
N+ [0820 0200 0020 0002] [0820 0000 0200 021A 0000 0020 0020
[0000 021A 0020 0002] 0000 0002 0002]
(+9) [0000 021A 0020 0002] [0820 0000 021A 0200 0000 0020 0020
[0820 0200 0020 0002] 0000 0002 0002]

The desired order of characters in a syllable in Figure 5.6. is X (main consonant) X; X,

(combinational consonants), Xq X3 X; Xg X; (vowels), Xg Xg (alternate consonants), Xs (tone
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marks) and Xy, (special characters). As an example string (Ju is reorderedas u + ¢ + & + U

+ & (X Xo X4 Xg Xs). This reordering is performed after syllabification.

5.2.1.4. Normalization

A few characters inLao have multiple representations with Unicode encoding and thus

normalization is required. The normalization is given in Table 5.6.

Table 5.6. Normalization in Lao

Decomposed Unicodes of Equivalent Unicode of
F P Decomposed | Composed | Composed
orm
Form Form Form
OEAB 0E99 JU 0EDC
OEAB 0EA1 gl 0EDD
o ) OECD 0EB2 06] 0EB3

5.2.1.5. Contraction of Consonants

Lao letter Ho Sung 1 combines with the consonants {9, &, v, U, &, 8, 3} to form different

consonants which have their own collation weight. So these combinations undergo contraction

and map onto a single collation element which is different from their individual collation elements.

Lao letter ¢ is also grouped with these nuclear consonants. This is because it combines with 21 in

Lao words and is assigned the same collation element as & because g1 is same as 01%.

5.2.1.6. Contraction of Vowels
Lao vowels are not encoded as shown in Figure 5.2. They are encoded in individual pieces,
shown in Figure 5.8 below, for reasons of backward compatibility with existing systems of Lao

and Thai. Thus, multiple encoded forms need to be combined together to form the Lao vowels.

w o () (X > (O o
Figure 5.8. Encoded Characters and Marks for Forming Lao Vowels
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However, each combined form maps onto a single vowel and thus a single collation element.

Therefore, the contractions in Table 5.7 are needed to achieve Lao collation.

Table 5.7. Contraction to Single Collation Element from Multiple Encoded Characters

Glyph Unicodes for Contraction

[+ & = (& 0ECO + OEB4

[+ &% = & OECO + OEB5
T+ 0+ e = Dy OEBB + OEA7 + 0EBO

-~ -

S S Y| OEBB + OEA7
[+ 2+ 9 = (599 0ECO + 0EB6 + OEAD
[+ 3+ 9 = (599 0ECO + 0EB7 + OEAD
[+ & + 9 = (59 0ECO + OEBB + 0EB2

[ + & = [(x¥ OECO + OEBO
(+9 + & = [;Xe]g OECO + OEB2 + OEBO

€+ & = Xz OEC1 + 0EBO

T + & = IXe 0EC2 + OEBO

[+ & = (X 0ECO + 0E8D
[+ &+ 8 = (58 0ECO + OEB1 + OE8D

S 6 = e 0ECD + OEB2

5.2.2. Unicode Collation Elements

Lao language dictionaries follow two different collation sequences, which may be termed as Lao
language-based (e.g. [22]) and script-based collation. Language-based collation uses the

encoded vocalic symbols (given in Figure 5.8) to do the context based contractions (given in
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Table 5.7) to form singular vowels (given in Figure 5.2). A Collation element is then assigned to
each vowel in Figure 5.2.

Script-based collation does not perform the contractions discussed but assigns collation element
to each script symbol given in Figure 5.8. Thus, the collation is not done on basis of vowels but

individual script symbols used for forming these vowels.

Syllabification, syllable based parsing, re-ordering and normalization is done in the same manner
as discussed for both strategies. The difference in the strategies is just in contraction and
eventual collation assignment process. Collation elements for the two strategies are also
different and are given in Tables 5.8 and 5.9.

5.2.2.1. Language Based Sorting

The collation elements for language based sorting are given in Table 5.8.

Table 5.8. Lao Collation Elements for Language Based Sorting

Glyph Unicode Collation Elements Unicode Name
< Consonants->
J OE81 0820 0200 0020 0002 LAO LETTER KO
2 0E82 0822 0200 0020 0002 | LAO LETTER KHO SUNG
&) OE84 0824 0200 0020 0002 LAO LETTER KHO TAM
9 OE87 0826 0200 0020 0002 LAO LETTER NGO
9 OES88 0828 0200 0020 0002 LAO LETTER CO
& OEAA 082A 0200 0020 0002 LAO LETTER SO SUNG
g OE8A 082C 0200 0020 0002 LAO LETTER SO TAM
g OE8D 082E 0200 0020 0002 LAO LETTER NYO
6 0E94 0830 0200 0020 0002 LAO LETTER DO
N 0E95 0832 0200 0020 0002 LAO LETTER TO
T O0E96 0834 0200 0020 0002 | LAO LETTER THO SUNG
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) 0E97 0836 0200 0020 0002 | LAO LETTER THO TAM
U 0E99 0838 0200 0020 0002 LAO LETTER NO
U OE9A 083A 0200 0020 0002 LAO LETTER BO
J OE9B 083C 0200 0020 0002 LAO LETTER PO
W] 0E9C 083E 0200 0020 0002 | LAO LETTER PHO SUNG
eJ 0E9D 0840 0200 0020 0002 | LAO LETTER FO TAM
w OE9E 0842 0200 0020 0002 | LAO LETTER PHO TAM
w OEQF 0844 0200 0020 0002 | LAO LETTER FO SUNG
U OEA1 0846 0200 0020 0002 LAO LETTER MO
¢J OEA2 0848 0200 0020 0002 LAO LETTER YO
S OEA3 084A 0200 0020 0002 | LAO LETTERLO LING
{2 OEBC 084C 0200 0020 0002 | LAO SEMI VOWEL SIGN
LO
& OEA5 084E 0200 0020 0002 | LAO LETTER LO LOOT
OEA7 0850 0200 0020 0002 LAO LETTER WO
0l OEAB 0852 0200 0020 0002 | LAO LETTER HO SUNG
a9 OEAB+0E87 0854 0200 0020 0002 | LAO LETTER HO SUNG+
LAO LETTER NGO
oYy OEAB+0ESD 0856 0200 0020 0002 | LAO LETTER HO SUNG
+ LAO LETTER NYO
a1l OEAB+0E99 0858 0200 0020 0002 | LAO LETTER HO SUNG
+ LAO LETTER NO
oy OEDC 0858 0200 0020 0002 LAO LETTER HO NO
a1 OEAB+0EA1 0860 0200 0020 0002 | LAO LETTER HO SUNG
+ LAO LETTER MO
Ul OEDD 0860 0200 0020 0002 | LAO LETTER HO MO
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LAO LETTER HO SUNG

LN OEAB+0EA5 0864 0200 0020 0002 | + LAO LETTER LO LOOT
LAO LETTER HO SUNG
Ul OEAB+0EBC 0864 0200 0020 0002 | + LAO SEMIVOWEL
SIGN LO
0D OEAB+0EA7 0868 0200 0020 0002 | LAO LETTER HO SUNG
+LAO LETTER WO
9 0EAD 086A 0200 0020 0002 LAO LETTER O
S OEAE 086C 0200 0020 0002 | LAO LETTER HO TAM
& Vowels—>
Y 0EBO 0000 0202 0020 0002 LAO VOWEL SIGN A
@ LAO VOWEL SIGN MAI
7+ X8/X9 OEB1+X8/X9 0000 0204 0020 0002 | KAN + CONSONANTAL
) 0EB2 0000 0206 0020 0002 LAO VOWEL SIGN AA
D
0EB4 0000 0208 0020 0002 LAO VOWEL SIGN |
<
0EB5 0000 020A 0020 0002 LAO VOWEL SIGN I
®
0EB6 0000 020C 0020 0002 LAO VOWEL SIGN Y
0EB7 0000 0210 0020 0002 LAO VOWEL SIGN YY
“ 0EBS 0000 0212 0020 0002 LAO VOWEL SIGN U
W 0EB9 0000 0214 0020 0002 | LAO VOWEL SIGN UU
(Xe OECO+X+0EBO 0000 0216 0020 0002 | LAO VOWEL SIGNE +
MAIN CONSONANT +
LAO VOWEL SIGN A
o LAO VOWEL SIGNE +
54+ X8/X9 | 0ECo+0EB1+X8/X9 | 0000 0218 0020 0002 | LAO VOWEL SIGN MAIN
KAN + CONSONANTAL
LAO VOWEL SIGNE +
(X 0ECO+X 0000 021A 0020 0002 MAIN CONSONANT
LAO VOWEL SIGN El +
EXe 0EC1+X+0EBO 0000 021C 0020 0002 MAIN CONSONANT +
LAO VOWEL SIGN A
o LAO VOWEL SIGN El +
6+ X8/X9 | 0EC1+0EB1+X8/X9 | 000002200020 0002 | LAO VOWEL SIGN MAI
KAN + CONSONANTAL
0EC1+X LAO VOWEL SIGN El +
X 0000 0222 0020 0002 MAIN CONSONANT
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TXe

OEC2+X+0EBO

0000 0224 0020 0002

LAO VOWEL SIGN O +
MAIN CONSONANT +
LAO VOWEL SIGN A

OEBB

0000 0226 0020 0002

LAO VOWEL SIGN MAI
KON

X

OEC2+X

0000 0228 0020 0002

LAO VOWEL SIGN O +
MAIN CONSONANT

(X

OECO+X+0EB2+0EBO

0000 022A 0020 0002

LAO VOWEL SIGN E +
MAIN CONSONANT +
LAO VOWEL AA + LAO
VOWEL SIGN A

OECD

0000 022C 0020 0002

LAO NIGGAHITA

X9+X8/X9

X+0EAD+X8/X9

0000 022E 0020 0002

MAIN CONSONANT +
LAO LETTER O +
CONSONANTAL

OECO0+0EB4

0000 0230 0020 0002

LAO VOWEL SIGN E +
LAO VOWEL SIGN I

OECO+0EBS

0000 0232 0020 0002

LAO VOWEL SIGN E +
LAO VOWEL SIGN I

OECO0+0EB1+0EBD

0000 0234 0020 0002

LAO VOWEL SIGN E +
LAO VOWEL SIGN MAI
KAN + LAO SEMIVOWEL
SIGN NYO

OECO+X+0EBD

0000 0236 0020 0002

LAO VOWEL SIGN E +
MAIN CONSONANT +
LAO SEMI VOWEL SIGN
NYO

J+X8/X9

OEBD+X8/X9

0000 0238 0020 0002

LAO SEMI VOWEL SIGN
NYO + CONSONANTAL

o

Q%

OEBB+0EA7+0EBO

0000 023A 0020 0002

LAO VOWEL SIGN MAI
KON + LAO LETTER WO
+ LAO + VOWEL SIGN A

SD+X8/X9

OEB1+0EA7+X8/X9

0000 023C 0020 0002

LAO VOWEL SIGN MAI
KON + LAO LETTER WO
+ CONSONANTAL

OEBB+0EA7

0000 023E 0020 0002

LAO VOWEL SIGN MAI
KON + LAO LETTER WO

OECO+0EBG+0EAD

0000 0240 0020 0002

LAO VOWEL SIGN E +
LAO VOWEL SIGN Y +
LAO LETTER O

OECO0+0EB7+0EAD

0000 0242 0020 0002

LAO VOWEL SIGN E +
LAO VOWEL SIGN YY +
LAO LETTER O

X2+X8/X9

X+0EA7+X8/X9

0000 0244 0020 0002

MAIN CONSONANT +
LAO LETTER WO +
CONSONANTAL

X

OEC4+X

0000 0246 0020 0002

LAO VOWEL SIGN Al +
MAIN CONSONANT

X

OEC3+X

0000 0248 0020 0002

LAO VOWEL SIGN AY +
MAIN CONSONANT
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LAO VOWEL SIGN E +

(59 OECO+0EBB+0EB2 | 0000 024A 0020 0002 | LAO VOWEL SIGN MAI
KON + LAO VOWEL
SIGN AA
8y 0EB3 0000 024C 0020 0002 | LAO VOWEL SIGN AM
LAO NIGGAHITA + LAO
1) OECD+0EB2 0000 024C 0020 0002 VOWEL SIGN AA
€< Alternate Consonants >
J 0E81 0000 0000 0022 0002 LAO LETTER KO
J 0E87 0000 0000 0024 0002 LAO LETTER NGO
g 0E8D 0000 0000 002C 0002 LAO LETTER NYO
0 0E94 0000 0000 002E 0002 LAO LETTER DO
U 0E99 0000 0000 0030 0002 LAO LETTER NO
U 0E9A 0000 0000 0032 0002 LAO LETTER BO
U OEA1 0000 0000 0038 0002 LAO LETTER MO
J OEA7 0000 0000 003C 0002 LAO LETTER WO
< Tone Marks>
0EC8 0000 0000 0000 0004 LAO TONE MAI EK
o 0EC9 0000 0000 0000 0006 LAO TONE MAI THO
o OECA 0000 0000 0000 0008 LAO TONE TI
0ECB 0000 0000 0000 0008 | LAO TONE MAI CATAWA
< Numerals~>
0 0EDO 0700 0200 0020 0002 LAO DIGIT ZERO
9 0ED1 0702 0200 0020 0002 LAO DIGIT ONE
¢ 0ED2 0704 0200 0020 0002 LAO DIGIT TWO
2 0ED3 0706 0200 0020 0002 LAO DIGIT THREE
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Ce 0ED4 0708 0200 0020 0002 LAO DIGIT FOUR
Ce 0ED5 070A 0200 0020 0002 LAO DIGIT FIVE
) 0ED6 070C 0200 0020 0002 LAO DIGIT SIX
31 0ED7 070E 0200 0020 0002 LAO DIGIT SEVEN
y! 0ED8 0710 0200 0020 0002 LAO DIGIT EIGHT
4y 0ED9 0712 0200 0020 0002 LAO DIGIT NINE
< Various Symbols—>

' OECC 0000 0000 0000 0000 MAI KALAN

7 0EC6 0000 0000 0000 0000 MAI SUM

V4 OEAF 0000 0000 0000 0000 MAI SUM

5.2.2.2. Script Based Sorting

The collation elements for language based sorting are given in Table 5.9.

Table 5.9. Lao Collation Elements for Script Based Sorting

Glyph Unicode Collation Elements Unicode Name
< Consonants->
I 0E81 0820 0200 0020 0002 LAO LETTER KO
2 0E82 0822 0200 0020 0002 LAO LETTER KHO SUNG
&) OE84 0824 0200 0020 0002 LAO LETTER KHO TAM
9 OE87 0826 0200 0020 0002 LAO LETTER NGO
a4 OES88 0828 0200 0020 0002 LAO LETTER CO
& OEAA 082A 0200 0020 0002 LAO LETTER SO SUNG
3 OESA 082C 0200 0020 0002 LAO LETTER SO TAM
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g OE8D 082E 0200 0020 0002 LAO LETTER NYO

€ OE94 0830 0200 0020 0002 LAO LETTER DO

&) OE95 0832 0200 0020 0002 LAO LETTERTO

T OE96 0834 0200 0020 0002 LAO LETTER THO SUNG

) OE97 0836 0200 0020 0002 LAO LETTER THO TAM

U 0E99 0838 0200 0020 0002 LAO LETTER NO

YU OE9A 083A 0200 0020 0002 LAO LETTER BO

J OE9B 083C 0200 0020 0002 LAO LETTER PO

W] OE9C 083E 0200 0020 0002 LAO LETTER PHO SUNG

eJ OESD 0840 0200 0020 0002 LAO LETTER FO TAM

u OESE 0842 0200 0020 0002 LAO LETTER PHO TAM

u OE9F 0844 0200 0020 0002 LAO LETTER FO SUNG

U OEA1 0846 0200 0020 0002 LAO LETTER MO

¢J OEA2 0848 0200 0020 0002 LAO LETTER YO

S OEA3 084A 0200 0020 0002 LAO LETTER LO LING

Y OEAS 084E 0200 0020 0002 LAO LETTER LO LOOT

J OEA7 0850 0200 0020 0002 LAO LETTER WO

Ul OEAB 0852 0200 0020 0002 LAO LETTER HO SUNG
LAO LETTER HO SUNG +

Z,H OEAB+0EBC 0866 0200 0020 0002 | LAO SEMIVOWEL SIGN LO

9 OEAD 086A 0200 0020 0002 LAO LETTER O

S OEAE 086C 0200 0020 0002 LAO LETTER HO TAM

gl OEDC 0870 0200 0020 0002 LAO LETTER HO NO
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o OEDD 0872 0200 0020 0002 | LAO LETTER HO MO
< Vowels>

g 0EBO 0000 0202 0020 0002 LAO VOWEL SIGN A

‘) OEB2 0000 0206 0020 0002 LAO VOWEL SIGN AA

& OEB4 0000 0208 0020 0002 LAO VOWEL SIGN |

e

OEB5 0000 020A 0020 0002 LAO VOWEL SIGN I

G OEB6 0000 020C 0020 0002 LAO VOWEL SIGN Y
0EB7 0000 0210 0020 0002 LAO VOWEL SIGN YY

o OEBS 0000 0212 0020 0002 LAO VOWEL SIGN U

Y 0EB9 0000 0214 0020 0002 LAO VOWEL SIGN UU

t 0ECO 0000 0216 0020 0002 LAO VOWEL SIGN

66 OEC1 0000 0222 0020 0002 LAO VOWEL SIGN El

T 0EC2 0000 0224 0020 0002 LAO VOWEL SIGN O
0ECD 0000 022C 0020 0002 LAO NIGGAHITA

Y OEC4 0000 0246 0020 0002 LAO VOWEL SIGN Al

? 0EC3 0000 0248 0020 0002 LAO VOWEL SIGN AY
& OEB1 0000 024A 0020 0002 | LAO VOWEL SIGN MAI KAN
& OEBB 0000 024C 0020 0002 | LAO VOWEL SIGN MAI KON
J OEBD 0000 0250 0020 0002 | LAO SEMI VOWEL SIGN NYO
J OEA7 0000 0252 0020 0002 LAQ LETTER WO

9 OEAD 0000 0254 0020 0002 LAO LETTER O

< Consonantal>
J OE81 0000 0000 0022 0002 LAO LETTER KO
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9 0E87 0000 0000 0024 0002 LAO LETTER NGO
9 0ES88 0000 0000 0026 0002 LAO LETTER CO
& 0EAA 0000 0000 0028 0002 LAO LETTER SO SUNG
3 OE8A 0000 0000 002A 0002 LAO LETTER SO TAM
g 0E8D 0000 0000 002C 0002 LAO LETTER NYO
©) 0E94 0000 0000 002E 0002 LAO LETTER DO
U 0E99 0000 0000 0030 0002 LAO LETTER NO
U 0E9A 0000 0000 0032 0002 LAO LETTER BO
u OE9E 0000 0000 0034 0002 LAO LETTER PHO TAM
w OE9F 0000 0000 0036 0002 LAO LETTER FO SUNG
U OEA1 0000 0000 0038 0002 LAO LETTER MO
Y 0EAS5 0000 0000 003A 0002 LAO LETTER LO LOOT
J 0EA7 0000 0000 003C 0002 LAO LETTER WO

< Tone Marks>
0ECS8 0000 0000 0000 0004 LAO TONE MAI EK
5 0EC9 0000 0000 0000 0006 LAO TONE MAI THO
o 0ECA 0000 0000 0000 0008 LAO TONE TI
0ECB 0000 0000 0000 0008 LAO TONE MAI CATAWA

< Numerals~>

0 0EDO 0700 0200 0020 0002 LAO DIGIT ZERO
© 0ED1 0702 0200 0020 0002 LAO DIGIT ONE
¢ 0ED2 0704 0200 0020 0002 LAO DIGIT TWO
[y 0ED3 0706 0200 0020 0002 LAO DIGIT THREE
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G 0ED4 0708 0200 0020 0002 LAO DIGIT FOUR

G 0ED5 070A 0200 0020 0002 LAO DIGIT FIVE

) 0ED6 070C 0200 0020 0002 LAO DIGIT SIX

h 0ED7 070E 0200 0020 0002 LAO DIGIT SEVEN

y! 0ED8 0710 0200 0020 0002 LAO DIGIT EIGHT

N 0ED9 0712 0200 0020 0002 LAO DIGIT NINE

< Various Symbols>

& 0ECC 0000 0000 0000 0000 MAI'KALAN

7 0EC6 0000 0000 0000 0000 MAI SUM

V4 OEAF 0000 0000 0000 0000 MAI SUM
Results

Data sorted by different strategies gives different output sequences. Sample output sequences

for each technique are given in Tables 5.10 and 5.11.

Table 5.10. Input and Corresponding Sorted Output for Lao Using Language Based

Strategy
Sample Input Sample Output
FuEshy mM&a nelagnay AN
na g ne888uy N99¢ a0
oz Ausity ne68du nenuv:a
CRIRLIY F0nzUJUNIWOY Ne0y ne9Hu
YRR gauduouluy Ne0y N9 tau
(HeunJo NINEVIQ NEKO N9IIVOLVU
gnmanu CRUREES NEIOIENE O (fioaan
(Jusag &N INCU Fuduua (Fotw
Nog Huza0 na Howa
tneialo Augn NINEUI0 o
N0 :ﬁ%ggjccéo N98959U o
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iFowa
N98929U
i
nelagnay
na
na
ALV
natORN
NS
Ao
R9mals
Haffu
na
nd
NN
tHoda

JJ9uy

LﬁUTUD

gnouacelaucio

29
nn
tfunyo
(Fowad

Ne@aay
ey

de9Sonoauto
nena
a9
NN
UV
ifiosan
(Hotw
N99YISOLUU
InnedoToL
NE (BN L0
ne9Hu
fo
N0y
nosfuag
8o
NEKOE
tnuauio
tha
n99tau
éhsen@oﬁg
N2
Sun
{Bo950noausaut
&y
NEEO

2J90nne8

NatOSN
19
N9

9

thu
tunyo
tfunyo
(Fowa
&N INLUL

aHovaaudon
29
m

Hisumo
noy
noy

nosfuag

tneialo

tndaulo

8o
tfia

'
Y

¢Aa
([do930n0uto
Bo9Sonoausaut
&u
gauduSeulny
(Susa9
FuesHy
Innediolou
U]V
FonzUjUNIWan
Snwaaw
Sun
2]9189
8]90nned
CRUREER
CARIRLIT
CRLELS
éhssn@oﬁ

Table 5.11. Input and Corresponding Sorted Output for Lao Using Script Based Strategy

Sample Input

Sample Output

(JuEsY SR nelagnay tnyaulo
N9 fug neB8auy 8oy
SISUEIY ﬁhgﬁg neB8auy VUL
CARIRLLY F0nzUJUNIWOY NEIOIENE (0 N
CRIES) 9auSuSoulny NEKO nga
(HAsumdo NaNU0 NELOE Mmeay
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gnmaau gjouases NEEOE o
(§usa9 ENO TN na Aus
noy Au200 nINEUI0 Husig
tneialo A nagagey fu200
NEEO N39¢ a0 natOSn Aumiin
(Foua Be9Sonoauto N9 Eob)
naga29y nensya N9 o
i A N9 nogy
neiagnau NIgNU NIENU Nnoe
na Fuguua Jagiy novJuag
na (fo[an ABu nenua
Adv ifotw A8ea negAu
natORN N99YIVOLUU Awa N991aU
nsya InnedoToL Romals N9YFOLVU
Ao NE (BN L0 nnaY do950n0auto
Rynals no9Hu 03 §o9S0noausout
Haffu o (floaan &fu
na N0y (Fotw gaudu€eulny
nd nosuJuag (Fowua (Jusag
R 8o iHoundn FuesHy
(Fioya NeinE (fioya Innediolou
ERLSLS tnuanilo t(Hu Jounsuju
o ¢Aa tunyo FonsujunIue
ne88aw no9tlau cﬁzmja Snwaaw
tiunyo é’nee:nzgofig (Howad Sun
eHovaaudion o (9 J]90199
29 Sun (i a790nned
babe! [Bo9Snnoausaus &N INCU gjouase?
l;i"ﬁunjo & arovacelauion CRIRLSNY
(Flowag Neine 29 RLsud
ne685u 2]90nne8 ﬁ%ﬂgjccéa é’nssmy‘oﬁ’
a2y tneialo
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Conclusion

Lao presents one of the most challenging scenarios for collation. First, Lao text does not have
spaces so processing is required to segment text into words (not discussed in detail in this
chapter; much work has been done on this for Thai, e.g. see [23, 24, 25]). Once the word
sequence is available, words are required to be syllabified and individual characters need to be
tagged for different roles depending on the context (details of this process are discussed in [20]).
Then re-ordering and normalization need to be done. Finally, depending on collation strategy,
which could be based on language or script, collation elements need to be assigned. Within the
syllable, Lao sorts at four levels, with nuclear consonants getting the primary weight, vowels
getting the secondary weight, non-nuclear consonants getting the tertiary weight and tone marks
getting the quaternary level weight. The sort keys generated are also at syllable level (and not at
word level). Thus, the Unicode collation algorithm [2] discussed in the second chapter needs to
be modified to do a sequence of comparisons of sort keys generated by syllables from words.
Though the current work has been tested, much more work needs to be done in this area.

Standards also need to be defined by relevant organizations.
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