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Preface

Defining collation, or what is normally termed as alphabetical order or less frequently as
lexicographic order, is one of the first few requirements for enabling computing in any language,
second only to encoding, keyboard and fonts. It is because of this critical dependence of
computing on collation that its definition is included within the locale of a language. Collation of
all written languages are defined in their dictionaries, developed over centuries, and are thus very
representative of cultural tradition. However, though it is well understood in these cultures, it is
not always thoroughly documented or well understood in the context of existing character
encodings, especially the Unicode.

Collation is a complex phenomenon, dependent on three factors: script, language and encoding.
These factors interact in a complicated fashion to uniquely define the collation sequence for each
language. This volume aims to address the complex algorithms needed for sorting out the words
in sequence for a subset of the languages. A small but diverse set of scripts and languages are
chosen for this purpose from developing Asian region. The set is chosen for the variety it exhibits
and to show the challenges it poses to solve the collation puzzle. Further details are given in the
following chapters.

The data on different languages has been obtained from the dictionaries published in these
languages, and through interacting with the PAN Localization project teams in relevant countries.
First, the collation weights being proposed were developed based on analysis of the dictionaries
and were implemented to sort out the words in these languages. Then results were verified with
the dictionaries. Finally, the chapters written were reviewed by the relevant team members within
the project. Thus, the results are both tested and verified. However, there is still more which can
be said about collation of these languages. And, of course, there are many more languages
which need to be documented. Accordingly, this work must be taken as an initial step towards
addressing the collation of languages in the region.

We would explicitly want to acknowledge the support provided by all relevant PAN Localization
country team members and their country project leaders for information and verification of the
work. We would also like to thank International Development Research Center for the PAN
Localization project grant, which has supported this work. Finally, we would like to thank the
management of National University of Computer and Emerging Sciences for their continued
support in research on language computing.

Sarmad Hussain
Nadir Durrani
(Lahore, Pakistan)



PAN Localization Project

Enabling local language computing is essential for access and generation of information, and also
urgently required for development of Asian countries. PAN Localization project is a regional
initiative to develop local language computing capacity in Asia. It is a partnership, sampling eight
countries from South and South-East Asia, to research into the challenges and solutions for local
language computing development. One of the basic principles of the project is to develop and
enhance capacity of local institutions and resources to develop their own language solutions.

The PAN Localization Project has three broad objectives:

e To raise sustainable human resource capacity in the Asian region for R&D in local language
computing

e To develop local language computing support for Asian languages

e To advance policy for local language content creation and access across Asia for
development

Human resource development is being addressed through national and regional trainings and
through a regional support network being established. The trainings are both short and long term
to address the needs of relevant Asian community. In partner countries, resource and
organizational development is also carried out by their involvement in development of local
language computing solutions. This also caters to the second objective. The research being
carried out by the partner countries is strategically located at different research entry points along
the technology spectrum, with each country conducting research that is critical in terms of the
applications that need to be delivered to the country’s user market. Moreover, PAN Localization
project is playing an active role in raising awareness of the potential of local language computing
for the development of Asian population. This will help focus the required attention and urgency
to this important aspect of ICTs, and create the appropriate policy framework for its sustainable
growth across Asia.

The scope of the PAN Localization project encompasses language computing in a broader sense,
including linguistic standardization, computing applications, development platforms, content
publishing and access, effective marketing and dissemination strategies and intellectual property
rights issues. As the PAN Localization project researches into problems and solutions for local
language computing across Asia, it is designed to sample the cultural and linguistic diversity in
the whole region. The project also builds an Asian network of researchers to share learning and
knowledge and publishes research outputs, including a comprehensive review at the end of the
project, documenting effective processes, results and recommendations.

Countries (and languages) directly involved in the project include Afghanistan (Pashto and Dari),
Bangladesh (Bangla), Bhutan (Dzongkha), Cambodia (Khmer), Laos (Lao), Nepal (Nepali), Sri
Lanka (Sinhala and Tamil) and Pakistan, which is the regional secretariat. The project started in
January 2004 and has continued for three years, supporting a team of seventy five resources
across these eight countries to research and develop local language computing solutions. The
project is now entering its second phase, aimed to deploy the technology being developed,
focusing on end user training and local language content, in addition to the language technology,
for a wider set of languages across developing Asia. Further details of the project, its partner
organizations, activities and outputs are available from its website, www.PANL10n.net.
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1. Introduction

We use lists on regular basis in our daily lives, such as shopping lists, address books and
dictionaries. These lists are also used frequently by organizations and governments for
employee payroll, bank accounts, telephone bills and voter lists. Most of these lists are ordered,
i.e. their contents, which may include numbers, words or names, follow a specific sequence. The
order depends on the cultural conventions, and is largely determined by two factors, the language
in which the list is prepared and the script being used to write the language. This sequence is
normally based on the order these words would occur in a dictionary or a lexicon and therefore, it

is referred to as lexicographic order. It is also referred to as collation sequence.

The process of taking a list of randomly arranged words (or strings, as these are referred to in
computing literature) and putting them in the collation or lexicographic sequence using a

computer is called sorting. For example, in English, the words (or strings®) “mango”, “banana’”,

“apple” and “orange” are collated in the order "apple”, "banana

, "mango” and "orange” and the
process which takes the initial set and arranges them in the latter sequence is called sorting. Itis
important to note that the collation sequence is linguistically and culturally determined, whereas
sorting is a computational process to attain it. Thus, sorting is dependent on collation and not

vice versa.

However, collation and sorting are not uniform across languages and scripts because of multiple
reasons. First, various languages use different cultural conventions, even when using the same
script. For example, ‘CH’ is taken as a single character between ‘C’ and ‘D’ in Spanish and ‘DZ’
and ‘DZS’ are taken as single characters between ‘D’ and ‘E’ in Hungarian [1]. Second, as
different scripts use different orthographic units, e.g. phones, consonants, syllables, words, etc.,
the nature of collation can vary significantly as well. Chinese uses ideographs, Latin uses letters
and Arabic uses consonantal sequences to represent words and thus employ different strategies
in arranging words. Third, scripts may employ additional non-character elements to influence
collation like capitalization, diacritics, vowel marks, tone marks, etc. For example, Arabic script
uses vowel marks Fatha, Damma and Kasra which (similar to capitalization in Latin script)
influence order only if base character string is same. Thus, for Urdu ¢» precedes ¢: which
precedes ¢». Fourth, there are always exceptions to the rules, which are culturally fossilized, for
reasons which may or may not be known. Finally, novel ways of generating newer strings are
being introduced, which cross beyond the conventional collation boundaries and thus existing

collation rules have to be extended. For example, R2D2 and C3PO are names of two robots

! Strings are made of zero of more characters. Characters are normally enclosed within single quotes and strings are
enclosed within double quotes. In this document, the quotes are only put in where there is a chance of ambiguity.



A Study on Collation of Language from Developing Asia

introduced in Star Wars which are alpha-numeric strings, though normal collation only deals with
alphabetic strings®. Interestingly, a language may employ multiple collations and consequently
sorting methods as well. For example, Chinese can be sorted based on Latin transcriptions,
phonetics4, character shape or radical and stroke count [2]. In such cases, all the expected
collations must be realized and the choice of a particular sort must be left on the user. A detailed

discussion on these aspects is given later in this report.

This report looks at a variety of languages and writing systems used in developing Asia to bring
out the diversity and the challenge associated with collation in this region. The study discusses
the following languages (and writing systems): Bengali (Bengali), Dzongkha (Tibetan), Lao (Lao),
Mongolian (Cyrillic), Sindhi (Arabic), Sinhala (Sinhala), Tamil (Tamil) and Urdu (Arabic). Bengali
writing system is closely related to Devanagari writing system. Sinhala and Tamil writing systems
derive from Brahmi script, as used for South Asian languages (Indo-Aryan and Dravidian
respectively). Lao also derives from Brahmi script (but related to Khmer and Thai), and
represents a tonal South-East Asian language. Sindhi and Urdu are both based on different

extensions of basic Arabic script.

The report first introduces the linguistic and technical aspects relevant for collation and presents
the Unicode Collation Algorithm as one of the sorting techniques for multilingual strings. Then the
report individually discusses the collation of languages and their peculiarities, presenting the
solutions for their collation. The report concludes with a comparative discussion on collation of

the languages discussed, also identifying where more work needs to be undertaken.

2 A more contemporary chatting domain uses words like “b4” for “before”, introduces new spellings like “u” for “you” and
collapses multiple words into single words e.g. “lol” for “laughing out loud” and “gtg” for “got to go”.

% Also known as Pinyin system [3].

4 Also known as Bopomofo. Itis used in Taiwan [1].

2 www.PANL10n.net



2. Collation

2.1. Encoding and Collation

Computers inherently process numbers. However, we frequently require them to manipulate
words of natural languages. To represent these languages within the computer, all the
characters in each of the languages are associated with a unique number. American Standard
Code for Information Interchange (ASCII) was first introduced as a representation scheme for
English characters. In ASCII ‘A’, ‘B’, ..., ‘Z" are assigned numbers 65, 66, ..., 90. Similarly, ‘a’,
‘b’ ..., ‘2’ are assigned numbers 97, 98, ..., 122. ASCII is a mono-lingual standard and can only
fit in 128 characters (seven bits). This mapping of 128 characters to numbers or codes is
normally also referred to as a code page. English code page was eventually extended to include
other languages (each code page including 256 characters or eight bits), e.g. the ISO 8859
standard. With the advent of multilingual computing, where a single piece of text may contain
multiple languages, a new text encoding standard was developed, which has initial space 27 bits
and is called Unicode or ISO IEC 10646 standard [4]. This is a script based standard and
encodes each character of each script uniquely”. Unicode is currently the most widely supported

and commonly used multilingual standard.

When the strings are sorted by the computer, one choice is to base it on character codes. This
would sort “cat” before “dog”. However, as is apparent from ASCII codes given above, it would
sort “Zebra" before “cat’ and “dog“, which is incorrect according to the English lexicographic
order. What if the characters are encoded such that they come in the collation order: ‘A’, ‘a’, ‘B’,
‘b, ‘C, ‘¢, ..., 'Z', ‘'2’. Could then the codes used for encoding be used for sorting? No, because it
would still not tackle the case and sort ‘Mango’ before ‘man’. Moreover, same codes are also
used for other languages using Latin script, for which it would not work, e.g. for letters ‘CH’ for
Spanish and ‘DZ’ and ‘DZS’ for Hungarian as discussed. Consequently, a single script level
encoding cannot be used to properly collate all languages which use the script. Same is true for
other scripts. For example from Arabic script, Urdu requires the sequence (from right to left): <«

& o, while Sindhi requires the sequence (from right to left): & & < <« [5]. And from Devanagari

script, Hindi requires the sequence o, &, d whereas Marathi requires the sequence: o, 9, @& [1].

This illustrates a very fundamental principle that character encoding and collation are
independent phenomena and therefore character codes cannot be used for sorting. Hence, a

separate set of codes is normally assigned for sorting characters. These codes, different from

! If two languages use the same character, they will use the same Unicode, as this standard does not encode on the
basis of language but on the basis of script
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character encoding, are called collation elements or collation codes. Though character encoding
is done for scripts, the collation elements must be defined separately for each language because
collation is a language specific phenomenon. English, French and Spanish may share the same
character encoding, but will each have its own set of collation elements. Similar would be the
case of Nepali and Hindi, even though they are both written in Devanagari script. Using these
language specific codes, it is possible to sort the strings in correct lexicographic order of the
language. Moreover, for languages which have multiple collations, like Chinese, multiple sets of

collation elements will be required; one set for each collation strategy.

Even though character encoding is logically independent of collation elements, the two are still
intricately connected. For example, though ‘CH’ is a single character in Spanish, it is not
differently encoded in Latin encoding in Unicode, it does not exist and must be defined as a
combination of ‘C’ and ‘H’ and must be processed accordingly. Similarly, « and » are separate

characters in Arabic language but combine to make a single character 4 in Urdu language.

The next sections discuss details of these linguistic, orthographic and encoding related
complexities related to collation as observed for various languages, highlighting their

interconnection and practical dependencies.

2.2. Starting with Collation

Work on collation starts with linguistic and orthographic analysis of a language. In this analysis,
the first step is to determine the complete character set of the language, which includes letters,
digits, punctuation marks, arithmetic marks, other marks, other letters, etc. (e.g. see [8, 9] for
Urdu language; similar references to work on other languages are given in [3]). Second, the sub-
set of this character set which plays a role in collation needs to be identified and separated from
characters that do not participate in collation. The third step is to determine which factors
influence collation for these characters and how these factors interact with each other to sort the
characters. For example, Wissink and Kaplan [1] list casing, modifier marks, syllable structure,
pronunciation and stroke-count as some of these factors which influence word order in various

languages. These and additional factors are discussed in more details in Section 2.3.

After the linguistic and orthographic details are understood and documented the technical details
also need to be analyzed. First, the character set has to be completely encoded. If existing
encoding (e.g. Unicode) is to be used, any missing characters must be added to the encoding.
Once the character set and its encoding has been verified, the text processing required for

collation needs to be determined and developed. This may include normalization, ordering and

4 www.PANL10N.net
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reordering, contraction, syllabification and other related processes, which are discussed in more

detail in Section 2.4.

Finally, after pre-requisite analysis has been conducted and details are finalized, collation
elements for the language have to be defined to enable sorting. Details of this process and

associated algorithm are discussed in the Section 2.5.

2.3. Linguistic and Orthographic Factors

Linguistic and orthographic factors are those which are inherent in the behavior of the language
and its writing system, independently of the encoding scheme. The following sub-sections
explain some of these factors that are directly relevant for collation. Different languages and
scripts employ a combination of these factors. However, as illustrated with examples, the way

these factors are used varies across languages and scripts.

2.3.1. Collation Levels

The sub-set of characters which are relevant for collation from the complete character set has to
be identified. Similarly, the ignorable characters, which are not relevant for collation, also need to
be identified. For example, letters ‘A’, ‘B’, ..., 'Z" and ‘a’, ‘b’, ..., ‘z' are all relevant for collation.

Characters ‘(", ), ‘[, T, ‘$’, ‘+" are all part of English character set but are ignorable for collation

purposes. For Urdu language, using Arabic script, letters « ¢« «& ¢« ¢ <) are all relevant

w = _
characters for collation. The marks . .. are also relevant. However, punctuation marks .§ .

. - are irrelevant.

Furthermore, the linguistic and orthographic phenomena applicable in the language need to be
identified and prioritized. For example, English collates on letters, i.e. “apple” sorts before
“banana”. Where characters are the same, it further sorts on casing, i.e. “Apple” sorts before
“apple”2

letters, then on marks and finally on casing3. Thus, the sequence for French characters is as

. Thus, A <a<B <bfor English. French is different from English because it sorts first on

follows: A< a <A <&<B <bh. French is further exceptional because the marks are collated from
right to left (from the end of the word towards the beginning). This is further different from
Swedish where marks define a different character, but casing is still treated at the secondary
level. Thus, A<a<O<o<Y<Z<A<A<OQisfollowed for Swedish [10]. In Urdu, which uses

Arabic script, letters carry the primary significance, followed by a subset of marks which represent

2 Assuming ‘A’ sorts before ‘a’.
Assuming that English does not have marks, and words like “naive” are exceptions.

www.PANL10N.net 5
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consonantal and vocalic segments. Urdu also uses a second class of marks, called honorifics [9]
which do not add any consonantal or vocalic material but add respect to the words®. These
marks add the tertiary significance to collation. Thus, = would come before [ I, latter having
an additional honorific mark on the last letter. Lao has four levels of sorting. Primary sorting is
based on central consonants. The other levels are based on vowels, consonantal marks and
tone marks respectively. Lao further uses a syllable to do sorting properly. Depending on the
place in a syllable, the same character may represent a different level of collation. Thus, the
significance of a character in sorting is context dependent. Unicode collation allows for multiple
levels of sorting. For each language, it needs to be identified how many levels are required and
which property is relevant at these levels. The factors which determine these levels are

discussed in the next sections.

2.3.2. Casing

Many scripts, including Latin, allow letters to take upper and lower cases. Thus, in English the
string “apple” and “Apple” mean the same but are orthographically different. “Apple” is placed
before “apple” in lexicographic order, but both will occur before “Banana” and “banana”. This
means that whether in upper case or lower case, the letter ‘a’ (or ‘A’) precedes the second letter
‘b’ (or ‘B’). However, within the same letter, upper case letter comparison ‘A’ precedes lower
case ‘a’. Thus, casing influences the collation order, but not at the same level as a character. No
matter what the case, first the character order A, B, C, D, ..., Z for English is observed. Where
characters are the same, the case is further used to sort the words. Thus, in Latin script based
languages, casing influences sorting but not at the primary (character) level. Casing is also used

in Cyrillic and Greek scripts.

2.3.3. Marks

Most languages add marks to base characters to add further information. Collation is also
sensitive to this additional information. However, nature of marks differs greatly across scripts
and languages and thus their implication on collation also varies. Most of the times these marks
are used to represent or modify pronunciation, and represent vocalic and consonantal features
(e.g. in Latin, Arabic and Indic). In other cases, these marks also represent supra-segmental

features like tone (e.g. in Lao and Vietnamese).

Starting with Latin script, though English language does not take on any marks, many European
languages using this script use marks abundantly. Some of these languages include French,

Swedish, Danish, Turkish and Finnish [1, 10]. Marks are also abundantly used in Asian

4 Mostly used in religious context by Muslims.

6 www.PANL10N.net
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languages using Latin script, e.g. Viethamese and Malay. However, each language may use
these marks differently, for example Viethamese uses marks to represent tone [11]. Some of
these Latin marks include acute accent, grave accent, diaeresis and circumflex as shown on
capital ‘A’ respectively: A A A A. These marks influence the sorting in different ways. In most of
these languages, the characters still carry the primary importance for sorting, followed by the
marks. Casing is less important than marks and thus carries a tertiary level significance. French
language is unique as it sorts the words with characters as they appear from left to right, but
accents as they appear from right to left [1, 5]. However, not all languages using Latin script treat
marks as secondary. As reported in [10], Swedish (A< B <Y < Z <A < A < ) and Danish (A <
B <Y < Z < A < 0) treat characters with marks as different characters and sort them at primary

character level.

Marks are also used to represent vowels in Arabic script based languages. These marks play a
secondary role in collation. Thus, in Urdu language, the letters are sorted first with Fatha, then
Kasra and finally with Damma, as shown for letter oo (read from right to left). There are
additional marks as well, which influence collation. There are also additional marks used in
Arabic script based languages, which have no influence on collation and are ignorable in this

context.

Indic languages also use marks. For example, in Devanagari script used to write South Asian
languages like Hindi, Nepali and Marathi, Chandrabindu, Anusvara and Visarga when used with a

base character, make the combination sort before the base character in the given order, as

shown for the letter @: & @& @: &. However, Nukta mark behaves differnetly and sorts the

combination after the base character without a mark, giving the following order for the same

letter: @& @ [10]. Bangla, Tamil, Sinhala and other scripts used in South Asia show similar

behavior.

Marks are used by other scripts as well. For example, South East Asian scripts Lao, Khmer, Thai
and Burmese use marks to represent vowels, tones and/or other linguistic phenomenon, which

play a role in their collation as well.

In summary, marks are used in orthography by most scripts to represent a variety of linguistic and
other phenomena. These marks influence collation in most cases (though do not influence
collation in some cases). However, the influence may be at primary, secondary or tertiary level.
This level of influence is not consistent across scripts. Some languages may use marks at

primary level, while other may use them at secondary level even if these languages use the same

www.PANL10N.net 7
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script. In addition, the level of influence may also vary within a language. A particular mark may
be used at a secondary level while another mark may be used at a tertiary level within a

language. Each language must be investigated to determine the role of marks.

2.3.4. Syllables

Though most textual analysis in many languages is based on characters as they are organized in
words, some languages also use units larger than characters but smaller than words for internal
structuring. In most cases these units align with syllables®, though in other cases, the mapping is
motivated by syllables (which are phonological and based on sounds) but is based on

orthography, creating clusters of letters (not sounds).

In Lao language, the text comparison is not done at character level. The string is divided into
syllables and then the sorting is done on syllable-wise comparisons. There are no explicit
syllable markings and syllabification needs to be computationally done through a complex set of
rules (details discussed in the chapter on Lao language later). Dzongkha, on the other hand,
uses syllable level analysis but marks the syllable boundaries explicitly using Tsheg mark » (U+
OFOB). Syllabification is also required for Urdu using Arabic script, but this syllabification is
orthographically motivated for text processing and does not align with phonological syllables.
Thus, the word ¢» is a single phonological syllable (CVC) but may be sub-divided into two
orthographic entities < and ¢ (CV and C respectively) in some cases for text processing. This
sub-division of words into phonological or orthographic constituents larger than letters is relevant

to collation for some languages.

2.3.5. Other Linguistic and Orthographic Factors

Various scripts and languages also employ additional factors used for text processing, including
collation. Chinese uses different ways of sorting, based on pronunciation of words (called
Bopomofo or Zhuyin fuhao) or the number strokes used to write the words (called stroke count)
[1]. Chinese may also be sorted on encoding order, e.g. based on Unicode or BIG5 encoding [3].
Arabic normally uses two or three consonants for a morpheme which is realized as different
words through vocalic infixation. For example, sequence of « < < (K T B) represents the
morpheme “book” and various words on this concept are realized by infixing different vowel

sequences, e.g. < (KiTaB, “book”) and € (KuTB, “books”). Changing the vocalic infix makes

° Syllable is a linguistic entity which is well defined in Phonology, e.g. see [7].

8 www.PANL10N.net
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inflectional or derivational changes in the word®. In some cases, the Arabic words may be sorted

based on the underlying consonantal template irrespective of the actual surface word.

Not all languages have a complete algorithmic way of collating all words, and may also be
arbitrary for some words based on traditional use of the language. For example, some languages
use traditional dictionaries developed hundreds of years ago as the reference to organize words,
e.g. Choun Nat dictionary for Khmer language in Cambodia. Though such dictionaries do show
patterns in arrangement of words, it may not be true for all words in these dictionaries and some

arbitrary ordering may be necessary to meet cultural expectations.

Thus, a variety of linguistic and orthographic phenomena interplay to define collation and other
related behavior for a language. This is language specific and is not consistent across script or
geographical regions. There may also be multiple ways of collating strings within the same

language.

2.4. Text Processing

Normally the raw input string of a language undergoes initial processing before it can be sorted.
Though it is fundamentally based on linguistic and orthographic characteristics, it is also critically
dependent on the way the language is encoded. This section discusses encoding related

phenomena for text processing. All these processes are not applicable to all languages.

Some additional processes, not directly applicable to collation, are also explained. This has been
done because sometimes they are confused as having implications on collation and thus
clarification on the disconnection is required. As Unicode is the default standard for multilingual
encoding, all discussions in this and later sections is based on this standard (see [4] for details on
Unicode’). However, similar pre-processing may also be needed for other encodings. Once the
string is processed, it is then assigned the collation elements and actual sorting is performed.

This second step in discussed in the next section.

2.4.1. Text Input and Rendering

Once encoded, multiple methods may be employed to input the text from the user for a language.

These include simple typing using a keyboard for English to much more complex handwriting

6 Also known as templatic morphology. Morpheme is the underlying form of a word, latter being a surface form. Infixation
inserts letters inside the morpheme rather than before or after it, as in the case of prefixation or suffixation respectively.

7 ; . )
Details are also available at www.unicode.org.

www.PANL10N.net 9
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recognition based systems for Chinese. Collectively, these are called input methods and take
user input in form of keystrokes, speech or hand-writing and convert it into a series of letter codes
based on the encoding (e.g. Unicode), which are eventually stored internally for further

processing. See [3] for further details and references.

Once the text is input into a computer, it may also be displayed on the screen or rendered for
users to view. This is done through a software program called the rendering engine, which uses
the input and associated font files to generate the visual output on the screen. Same encoding
but a different font file can cause cosmetic changes in the way output looks (e.g. Times New
Roman vs. Courier New fonts). It is important to note that in the rendering process, choice of

font and the output does not change the internal encoding of the text.

Some writing systems are also context-sensitive. Thus, the same letter may have a different
shape depending on where it occurs. For example, in Arabic script, a letter takes a different
shape if it occurs in initial, medial, final or isolated position in a connected portion® of text. Thus,
the string (3 represents initial, medial and final shapes of the same letter _: in the connected
portion (the text should be read from right to left). These different shapes are realized through

the font and rendering system but represent the same underlying code.

For collation and related text processing, input methods, rendering and context sensitive shaping

are not relevant’. This processing only depends on encoding.

2.4.2. Text Direction

Scripts use different writing directions. Latin, Greek, Devanagari and many more are written from
left to right. Arabic and Hebrew are written from right to left. Similarly, Mongolian and Chinese
are written from top to bottom. Sometimes two text directions may also be mixed. For example,
in Arabic and Hebrew letters are written from right to left but digits are written from left to right,

and are thus called bi-directional scripts.

Even though the text may appear in multiple directions on the screen, it is only stored in the key-
press order internally, i.e. the order in which the individual characters are keyed in or written by

the user. The visual order is not relevant as collation is done based on internal storage which

8 . Lo . - . .
Arabic writing is cursive and thus letters are joined together when written. Connected portion is also referred to as a
ligature.

? Unicode has encoded some context sensitive shaping, e.g. for Arabic script, for backward compatibility. However, use
of this area is not encouraged and not discussed here.

10 www.PANL10N.net
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uses the key press order. Thus, the text direction does not have any implication on collation

algorithms.

2.4.3. Normalization

Due to various reasons, e.g. compatibility with legacy encoding systems or re-use of productive
combining marks, there may be multiple ways of representing the same character in Unicode. For
example, the letter & (U+OOEF10) may also be represented by e (U+0065) followed by Diaeresis ~
(U+0308). There can also be multiple possibilities. For example, the letter G (U+01D6) may be
represented by U (U+00FC) followed by Macron~ (U+0304) and by u (U+0075) followed by
Diaeresis “ (U+0308) and Macron ~ (U+0304) [5]. The encoding is also redundant for other

scripts. For example, in Devanagari script the letter ¥ (U+0931) is same as the sequence T

(U+0930) in combination with the mark : (U+93C), and Arabic script letter 1 (U+0622) is same as

the sequence ! (U+0627) in combination with the mark (U+0653). As can be seen, most
redundancies result from the fact that combined characters, base characters and combining

marks are all encoded within the standard.

This redundancy in encoding can cause problems in processing. For example, if a spell checker

verifies on the code of composed form ¥ for a language, and some text uses the de-composed

form T + &, then the spell checker may give and error where there is none. Similarly, a search

engine may not be able to find the Urdu word ol in a text corpus if it is searching for Tand ' + = is
encoded. Thus, the text has to be brought in a consistent format for the eventual processing
needs. This conversion of text into consistent representation is called normalization.
Normalization may be done either to totally compose the characters, where de-composed forms
are possible, or alternatively totally decompose the characters, where composed forms are

possible. Either can work effectively, as long as consistency is maintained.

Complete decomposition may require multiples steps, as each step takes off a single mark from
the combination and sometimes a composed character may contain multiple marks, as has been
seen for the case of the letter . Also, composition and decomposition may also require some
additional re-ordering steps to get the individual elements within a composition to come in an
expected or stipulated sequence. This is discussed in the next section. For details of

normalization for Unicode see [27].

10 Unicode consortium make use of ‘U+x’ notation to express Unicode code points where x is a 4-6 hexadecimal digits,
using the digits 0-9 and upper case letters A-F (for 10-15 respectively) [4]
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Once the text is normalized (into either composed or decomposed forms), it can be further

processed for collation, as discussed later.

2.4.4. Ordering and Reordering

With Unicode encoding, the Vietnamese letter 6 (U+1ED9) may be represented in five ways [5]:
o+"+_,(i)o+_ +",(ii)6+.,(iv)o+" and (v) 0, where ‘+ represents concatenation of the
symbols. This presents a problem for processing text encoded with Unicode, as different users
may write the same string in many different ways. To address this concern, Unicode assigns a
combining class, a number from 0 till 255, to each character which can be used to determine their
ordering (done in increasing order). Low numbers are assigned to those characters or combining
marks which come first. Non-combining characters are assigned 0. Among the combining
characters, the marks which are placed below are arbitrarily assigned lower numbers compared
to marks which are placed above base the characters. Order of characters or marks within the
same combining class is not changed. So, for the above example, under-dot has a combining
class number 220 and the circumflex above has the combining class number 230. Thus, the
canonical decomposed form defined by Unicode would be (ii) above and not (i). Any processing
of decomposed forms of a combination of characters must first take the input string, completely
decompose its contents and adjust the ordering as described before further processing. Similar
is true for other languages, e.g. Lao stacks vowels and tone marks above and some combining
characters below the base glyph, e.g. & and ¢¢, and would follow same recommendations for

canonical order.

Many Indic writing systems are syllabic and are written in a consonant-vowel (CV) combination.
Consonant always logically precedes the vowel, though some vowels appear before the
consonants (even though they are typed after the consonant). These are called left-combining
vowels in this left-to-right writing system. Unicode also encodes these languages to follow this
logical CV typing order, except in Lao and Thai, where logically the language is processed in a
similar fashion but encoding order is visually based, i.e. left-combining vowels are typed before
the consonant rather than after it'* as VC. Thus, for other processing like sorting, which expects
logical order CV, the typing order has to be reversed before processing. This is normally referred
to as reordering. Reordering is only done on a copy of the input string for further processing and

does not alter the actual input (latter is required for proper rendering on the screen).

1 This has been done to keep the encoding compatible with national standards and legacy encodings.
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2.4.5. Contraction

Often two or more characters clump together to form linguistic unit which has its own identity in
collation or other string manipulation processes. This group is treated similarly as a single
character. These units may not be directly encoded in Unicode but are required to be created
from their constituent units which are encoded. This process is called contraction. For example
Spanish has a unique character ‘CH’ (U+0043 + U+0048) different from ‘C’ and ‘H’. It sorts
between C and D [1] in Spanish. So C and H occurring together in an input sequence are
required to be collapsed onto a single collation element. Contraction also occurs in Arabic script
based languages, for example in Urdu the letter 4: is formed by contracting the letters # (U+06BE)

and « (U+0628). This combined letter is not separately encoded in Unicode.

2.4.6. Context Sensitivity

Though many languages, especially cursive languages, change the shape of the letter depending
on its context as discussed earlier, some languages also change the ‘behavior’ of the letter. This
change is not just cosmetic and changes the way the letter has to be processed. For example, in
Spanish, if ‘C’ is followed by an ‘H’ they combine to form a single letter ‘CH’, but otherwise
behave as individual letters. In Naskh writing style of Arabic script letter 4 may represent
independent character Hay or be part of the previous consonant to represent the aspirated
sounds (e.g. 4> «S etc.)lz. Similarly in Lao the letter v could be the nuclear consonant in a
syllable but may also be a dependant/alternate consonant if it follows another nuclear consonant,

e.g. in the sequence »w.

Dzongkha presents even a more complex scenario. In Dzongkha consonants very productively
conjoin to form larger linguistic units, though only context can determine which of the conjoined
letter heads the cluster. There are some letter clusters that depend on the third or fourth

subsequent letter to decide whether it is root letter prefixed by another letter or a root letter

followed by a suffix. For example, in the sequence A7 it is hard to decide if 3 is prefixed with root

9 or 9 is suffixed with root § without looking at neighboring character which itself is not part of the

cluster. This dependence of behavior on neighboring letters is referred to as context sensitivity
and is computationally complex to model. However it is required as collation is based on root

character.

12 Normally Nastalique style of writing is used for Urdu, which does not have this ambiguity.
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2.5. Collation Elements and Sorting

Once all characters, their linguistic and orthographic properties and encoding specific
requirements are addressed, each character is assigned a weight, called collation element. The

collation element is eventually used to sort the strings.

2.5.1. Collation Elements

A collation element is a weight assigned to a character which is used to compare it with other
characters in the sorting process to determine which character is ‘lighter’ in a pair-wise
comparison. This collation element is further divided into a set of numbers or weights, specifying
significance at different levels. Unicode collation algorithm [2] uses four weights to define
significance at primary, secondary, tertiary and quaternary levels, but may be extended if needed

for a language. Sample collation elements are shown for some languages in Table 2.1 below.

Table 2.1. Collation Elements

Glyph | Unicode Collation Elements Unicode Name
R 0052 [09CB 0020 0008 0052] | LATIN CAPITAL LETTER R
,D, 0414 [OE2D 0020 0002 0414] | CYRILLIC CAPITAL LETTER DE
il 0434 [OE2D 0020 0008 0434] | CYRILLIC SMALL LETTER DE'
)] OD9A [1390 0020 0002 OD9A] | SINHALA LETTER ALPAPRAANAKAYANNA

R OE81 [0000 0000 0025 OE81] | LAO LETTER KO

A
064F | [0000 00CB 0002 064F] | ARABIC DAMMA

OECB [0000 0000 0000 0011] | LAO TONE MAI CATAWA

Template of a collation element is [wl w2 w3 w4], where wl, w2, w3, and w4 represent the

weight of the character for collation at primary, secondary, tertiary and quaternary levels
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respectively in form of hexadecimal numbers™. For example, characters ‘A’ ‘B’ and ‘C’ in English
will have a non-zero wl to indicate that these characters participate in collation at primary level.
Character ‘A’ should also have a smaller wl than ‘B’ to indicate that A < B in English. The weight
w1l for characters ‘A’ and ‘a’ should be same as they represent the same character at primary
level. The difference in casing has a tertiary level effect. Thus, ‘A’ and ‘a’ will differ in w3, with ‘A’

having a smaller tertiary weight if A < a for English.

A weight of 0 indicates that the weight should not be considered. A character which does not
participate in collation should have wl=w2=w3=w4=0. If a character participates at secondary
level, as is the case for Arabic mark Damma in Table 1, its w1=0, which indicates that it should be
ignored at primary level. Lao tone which collates at quaternary level has all weights equal to zero
except w4. This makes the tone ignorable at first three levels. It is important to note that if a
character is ignorable at a level, it must also be ignorable at all levels before it. Thus, if w2=0,
then wl must also be zero. It also implies that if a character is not ignorable at primary level, its
other weights w2, w3, w4 must also be non-zero values.

It is not important what the exact value of wl, w2, w3, w4 should be except that they must reflect
the comparative sequence within characters of a language at each level. Thus, in Urdu there are
multiple secondary level marks, Fatha, Kasra and Damma, and are collated in this order. Each
has w1=0. It is not important what the exact values of w2 are as long as w2(Fatha) < w2(Kasra)

<w2(Damma). See [2] for further details and further explanation.

A language specific table for all characters needs to be defined in this manner for each language.
The table should give the following details: (a) Character(s) which map onto a single collation
element, (b) Unicode of the character(s) for which the collation element is being defined. Multiple
characters may map onto the same collation element, if cases for contraction have been
identified for the language (as discussed above), (c) Corresponding collation element with w1,
w2, w3 and w4 specified to represent the level and order of collation for the character(s), (d)
Unicode name(s) of the character(s), (e) Optionally, any explanatory notes. Columns (a), (b) and
(d) should also list all the alternate possibilities of characters which may also map onto the same
collation element (e.g. if Unicode encodes multiple ways of representing the same character, as
discussed in section explaining Normalization, or in case multiple characters map onto a single
collation element, as discussed in the section explaining Contraction). Examples from Urdu in

Arabic script are given in Table 2.2 below.

Table 2.2. Collation Elements for Normalization and Contraction

13 Each four bit hexadecimal number represents a 16-bit binary number.
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Glyph Unicode Collation Elements Unicode Name
y FEFB [13AB 0020 0002][ 1350 | ARABIC LIGATURE LAAM WITH
0020 0002] ALEF ISOLATED FORM
I 0622 [1350 0020 0002][0000 ARABIC LETTER ALEF WITH
00F1 0002] MADDAH ABOVE
N 0628 O6BE (1353 0020 0002] ARABIC LETTER BEH + ARABIC

LETTER HEH DOCHASHMEE

This is background research and development which has to be taken up for each language

before actual strings can be sorted. Details of the sorting process are given below.

2.5.2. Default Collation Elements

Unicode standard aims to concurrently encode all written scripts. It is a multilingual standard
which is targeting to encode the scripts in such a way that they may be inter-mixed. However,
when inter-mixed text is collated, it may encounter characters which are not assigned any
collation elements. This may produce unexpected results. To overcome such challenges,
Unicode recommends using Default Unicode Collation Element Table (DUCET) [16] as a backup
if collation element is not found in a language table, latter taking the precedence. Collation
elements given in DUCET do not collate the characters for any particular language and thus do
not give the right collation sequence. They just allow for a dependable and consistent wrong
sorting.

2.5.3. Sorting Words

Once the collation has been set up for a language, the following algorithm is followed to sort two
words or strings. Each step is applied to both candidate words for final collation. The same can
be extended to larger list of words. This algorithm is followed by an example, both adapted from
[5] and are based on the Unicode collation algorithm [2]. Even if other algorithms are used, they
will fundamentally be similar to what is done in Unicode Collation Algorithm at least at linguistic
and orthographic levels.

() Take individual characters in the input and determine if any of the characters need to

be decomposed by consulting the decomposition table for the language.
(i) Reorder any characters, in case reordering is required.
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(iii) Assign collation elements for each character or sets of characters in the sequence
they appear in the input. Multiple characters in a sequence can get a single collation
element in case contraction is being done.

(iv) Group the character weights for the complete word by levels, ignoring zero weights
and inserting an additional zero between each level to form a single sort key.

(v) Compare the sort key with the sort key of other word to determine the collation order.

Consider sorting two words, “Resume” and “résumé”. In Step (i), we take the following

characters:
Resume: 0052 0065 0073 0075 006D 0065
résumé: 0072 O0E9 0073 0075 006D

and decompose ¢ in the second word to e +, thus getting the Unicode sequences:

Resume: 0052 0073 0075 006D 0065
résume: 0072 0065 0301 0073 0075 006D 0065 0301

No reordering of characters is required in English, so Step (ii) is not applied. Next, the collation
elements corresponding to the Unicode codes are obtained from a mapping table developed for
English. Each code is replaced by its collation element, as in Step (iii)™*.

Resume: [09CB 0020 0008] [08B1 0020 0002] [09F3 0020 0002]
[0A23 0020 0002] [0977 0020 0002] [08B1 0020 0002]

résumé: [09CB 0020 0008] [08B1 0020 0002] [0000 0032 0002]
[09F3 0020 0002] [0A23 0020 0002] [0977 0020 0002]
[08B1 0020 0002] [0000 0032 0002]

After accessing the collation elements for each character within a word, the collation keys are
formed by grouping the non-zero weights of each character in the word at a level, separating
levels by an additional zero, as in Step (iv).

Resume: 09CB 08B1 09F3 0A23 0977 08B1 0000 0020 0020 0020 0020 0020
0020 0000 0008 0002 0002 0002 0002 0002
réesume: 09CB 08B1 09F3 0A23 0977 08B1 0000 0020 0020 0320 0020 0020

14 Three levels of weights are given in this example. The same algorithm can be extended to any arbitrary number of
levels.
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0020 0020 0032 0000 0002 0002 0002 0002 0002 0002 0002 0002

The sort keys thus formed are compared to determine which word is sorted first. The comparison
shows that the words are equal in value until the third value in the secondary weight caused by
the accent on the first ‘e’ of “résumé”. This makes the second word “heavier” and sorts it after the

"15

word “Resume”™". In this case, the difference of ‘R’ vs. ‘r’ in the two words is not considered to

make the decision as its effect comes later in the sort key at the tertiary level.

15 It is being assumed that accents have secondary weight and casing has tertiary weight in English in this example.
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3. Bengali

Bengali (ethnonym: Bangla) language is categorized within the Bengali-Assamese branch of
Eastern Zone of Indo Aryan languages. It is spoken by more than 200 million people across the
world out of which about 100 million speakers reside in Bangladesh and 70 million speakers
reside in India [12]. Bengali is the national language of Bangladesh while it is also the state
language of the Indian state of West Bengal.

Bengali is an Indic language which uses Bengali script, closely related to Devanagri script, both
deriving from Brahmi script. Bengali script is also used to write other languages, including

Assamese, Daphla, Garo, Hallam, Khasi, Manipuri, Mizo, Munda, Naga, Rian and Santali [4, 13].

3.1. Writing System

3.1.1. Character Set

Bengali character set is divided into 21 vowels, 36 consonants and modifiers [15]. The vowels

themselves can be divided into dependent and independent vowels, shown in Figure 3.1 below.

§ Y T F T T ¥ Qg @ 8 @
Independent Vowels

o f X o oo o @ o ol R

EN < <

Dependent Vowels

Figure 3.1. Bengali Vowels

T ¢ 9 9 8 b ¥ & A &£ 5 5T T I
T 9 % g 9 4 F § © ¥ ¥ F O ¥ I
A 2T T ¥R

Figure 3.2. Bengali Consonants

Along with consonants and vowels there are some special modifiers, called Virama, Visarga,

Anusvara, Candrabindu and Ishar, shown in Table 3.1. Anusvara is used for final velar nasal
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sound, Visarga adds voiceless breath after vowel and Candrabindu is used to nasalize vowels
[13, 14]. Virama, also called Halanta is discussed in the next section.

Table 3.1. Bengali Special Characters

Usage with a
Name Glyph
Consonant ‘k’
Virama X P
Candrabindu <P
Anusvara R PR
Visarga 8 H 3

Bengali also has its own numerals, shown in Figure 3.3.

O 5 RV 8 ¢ VYV 9 V¥V >

Figure 3.3. Bengali Numerals

There are some additional characters for punctuation, etc. in the Bengali character set, which are
ignorable for collation. The complete encoded character set in Unicode is given in [4].

3.1.2. Script Details

3.1.2.1. Consonants and Vowels

Bengali is written from left to right. Space is used to mark word boundaries. Letters are uncased
and are grouped together based on place and manner of articulation. The characters in Bengali
script hang from a horizontal line, called the head stroke. When writing, these characters within a
word head strokes merge to form single base line, as shown for the word BAABAA (father) in
Figure 3.4.

9 (Letter Ba) + <3 (Vowel AA) + 9 (Letter Ba) + 3T (Vowel AA) = 14T
Figure 3.4. Merging of Head Strokes of Bengali Characters
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The consonants in Bengali have an inherent [5]" sound by default. For example Bengali letter =

represents [ko] and not [k] sound. Virama is placed below delete the vowel sound and get the

pure consonantal sound. However, the use of Virama is often implied and optionally written by

Bangla speakers.

The vowels take the independent vowel shape if they are in a syllable without an onset
consonant. In case they are in a syllable with an onset consonant, they attach with the consonant

taking the dependent shape. Thus, all vowels have an independent and dependent shape,

except the vowel [0] which only has an independent shape . It does not have a dependent
shape as it is inherently present with each consonant by default if not explicity deleted by Virama
or over-ridden by another dependent vowel. The dependent vowels attach at the front, back, top

or bottom of a consonant. These are illustrated in Table 3.2. In some cases the vowel splits into

two halves and is placed across consonant such that one half is at right while other is at left.

Table 3.2. Dependent Vowels with Consonant [K]

Consonant + )
Joined Form Comment
Dependent Vowel
¢+ﬁ3‘ ﬁﬁ Connects to left of consonant
35+=2§ %f Connects to right of consonant
$+=1'; § Connects to base of consonant
F+EH &t Wraps around the consonant

As is shown in Table 3.2, the vowel is typed after the consonant no matter where it attaches.
Also, only one vowel can connect to a consonant at a time. The dependent vowels can not occur

with independent vowels or by themselves.

3.1.2.2. Conjunct Consonants

In Bengali two or more consonants may join together to form complex conjuncts with alternate
shapes. In Unicode, Virama is placed on the first consonant in a pair to enforce the conjoined

shape of the consonants [4]. Some conjuncts and non-conjunct shapes are given in Table 3.3.

1 .
Square brackets [ ] are conventionally used to represent a phone or a sound.
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Like other Indic languages, ¥ (or /r/) also forms different shapes in consonant clusters. When in

initial position it is displayed as a mark to top, and when at the end it appears as a wavy line

below the consonant to which it connects [4], as shown in last two rows of Table 3.3.

Table 3.3. Conjunct Consonants

Consonants Clustered Form Conjunct Form
cicz Cl+C2 C1+€2+C2
BaR B3| %
IR P %
4w Elad %

43 Kl T
944 < I

A more comprehensive list of conjunct consonants can be viewed at [14].

3.2. Collation

Bengali collation sequence has been defined by Bangla Academy, the language authority of
Bangladesh. This section elaborates on this collation sequence for Bengali and an algorithmic

implementation using UCA [2] for Bengali collation.

In Bengali all characters have primary level significance for collation purposes. Numerals and
currency symbols are given smallest weight; these are followed by independent vowels,
modifiers, consonants and dependent vowels. However, before collation is applied some text

processing is required. Details of the text processing are also presented.
3.2.1. Text Processing

3.2.1.1. Reordering

As mentioned above the independent vowels combine with consonants in different manners i.e.
joining to right, left, above or below. In hand-written orthography, old type-writers and non-

standard Bengali encodings, the vowels that attach to the left are written first followed by a

consonant. Others are written after the consonant. Thus, the typing order for ¢t& is t: + % and for
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Jis ¥ + 3. For collation, the logical comparison order is consonant and then the dependent

vowel, wherever the vowels attaches to the consonant. The typing sequence just discussed is
inconsistent and thus the logical comparison between two combinations is not possible. Thus,
the preceding vowel needs to be re-ordered, after the consonant, if a comparison has to be
enabled. This is true for all the encodings which require dependent vowels to be typed before the
consonant. However, the Unicode standard for Bengali requires consonant + vowel typing order
whether the vowel visually appears after or before the consonant. The visual placement is
separately handled in the rendering process. Therefore, if the Unicode encoding is followed, no

reordering is required.

3.2.1.2. Normalization

There are different ways some Bengali characters, both consonants and vowels, can be encoded
in Unicode. Thus, normalization is required before collation can be done. As discussed during
the general discussion on collation in the second chapter, both composed or decomposed forms
may be taken to do the collation, as long as it is consistently done. This section lists some of the
equivalent forms for Bengali.

The first set of equivalents in Bengali are formed due encoding of Nukta as a combining character
<, (U+09BC). Nukta combines with consonants to give additional consonants, which are also

separately encoded. Examples are given in Table 3.4. below.

Table 3.4. Normalization Due to Nukta in Bengali [4]

Decomonsed Unicodes of Equivalent Unicode of
= X Decomposed Composed Composed
orm
Form Form Form
© O, 09A1 09BC i) 09DC
T O, 09A2 09BC 12 09DD
q O, 09AF 09BC B 09DF

Similarly, dependent vowels which have two parts and surround the consonant also have
equivalent encodings, equivalent to the case where a single vowel is split into the parts which
come before and after the consonant respectively. The equivalents are given in Table 3.5. As
can be seen in the table, both forms render in the same way when combined with a consonant

are equivalent in terms of collation.

www.PANL10nNn.net 23



A Study on Collation of Language from Developing Asia

Table 3.5. Normalization Due to Glyph Splitting of Two-Part Dependent Vowels

Unicodes of . Equivalent Unicode of :
Decomposed Use with a Use with a
Decomposed Composed Composed
Form Consonant Consonant
Form Form Form
e Rel A=
G o 09CB 09BE ¢ 09CB
= &2}
F @A T =
s R 09C7 09D7 3 09CC

One can form half shape of consonants in Indic scripts. Unicode enables that by typing Virama
after the consonant. In a special case, Bengali conjunct character ‘tta’ can be encoded in multiple
ways, but must show the same behavior for collation. Thus, the variations must be normalized to

represent the same collation weight.

Table 3.6. Encoding and Rendering Variations of ‘tta’ Conjunct with Khanda Ta Character

Constituent Characters Unicode Sequence Rendered Variant Form
i) ='.'_”:‘E 09A4 09CD 09A4 K]
© 2 ZWJ © 09A4 09CD 200D 09A4 Y
© 2 ZWNJ © 09A4 09CD 200C 09A4 ©©
R 09CE 09A4 30

The normalization with Khanda Ta is different from the first two cases discussed because the final
conjunct form is not encoded. Thus, the sequence can only be equated in decomposed forms

and cannot be mapped onto a single composed form.

3.2.1.3. Contraction

In case the encoding is being translated into decomposed form, contraction is needed for
assigning the collation elements, i.e. multiple character codes would map onto a single collation
element. This contraction for consonants and vowels, presented in Tables 3.4 and 3.5, is
illustrated in Table 3.7.
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Table 3.7. Contraction to Single Collation Element from Multiple Encoded Characters

Unicodes of Unicode of
Glyph | Decomposed Composed Collation Element Unicode Name
Form Form
O 09A1 09BC 09DC 15BD 0020 0002 LETTER RRA
D o, 09A2 09BC 09DD 15BF 0020 0002 LETTER RHA
q 09AF 09BC 09DF 15CC 0020 0002 LETTER YYA
G HT 09C7 09D7 09CcC 15E3 0020 0002 VOWEL SIGN AU
Gl 09C7 09BE 09CB 15E2 0020 0002 VOWEL SIGN O

3.2.1.4. Conjunct Consonants

The formation of alternate glyphs for conjuncts does not change input sequence logically but only
visually. Collation is dependent on the logical sequence and thus is not affected by the change in
shape. The Zero Width Joiner and Zero Width Non-Joiner are ignored in the process. However,
ambiguity occurs in case of the combination of Ra and Ya, where Zero Width Non-Joiner plays a

significant role. See [26] for further details.

3.2.2. Collation Elements

In order to realize Bengali collation as defined by Bangla Academy [15], following collation
element table may be used. The table gives multiple entries in relevant columns if required. The
table is further divided into sub-sections for various families of characters, including signs,

numerals, dependent vowels, characters and dependent vowels.

Table 3.8. Collation Elements for Bengali Language

Collation

Glyph Unicode Unicode Name

Elements

< Various Signs 2>
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2, 09BC 13A0 0020 0002 BENGALI SIGN NUKTA
R 0982 13A2 0020 0002 BENGALI SIGN ANUSVARA
28 0983 13A3 0020 0002 BENGALI SIGN VISARGA

V 0981 13A4 0020 0002 BENGALI SIGN CANDRABINDU

Numerals & Currency Symbols >
BENGALI CURRENCY NUMERATOR ONE
7 09F8 0DC7 0020 0002
LESS THAN THE DENOMINATOR
BENGALI CURRENCY DENOMINATOR
° 09F9 0DC8 0020 0002
SIXTEEN

v 09FA 0350 0020 0002 BENGALI ISHAR

\ 09F2 OE12 0020 0002 BENGALI RUPEE MARK

b 09F3 OE13 0020 0002 BENGALI RUPEE SIGN

0) 09E6 0E29 0020 0002 BENGALI DIGIT ZERO

> 09E7 OE2A 0020 0002 BENGALI DIGIT ONE

/ 09F4 OE2A 0020 0002 | BENGALI CURRENCY NUMERATOR ONE
S 09ES8 OE2B 0020 0002 BENGALI DIGIT TWO

o 09F5 OE2B 0020 0002 | BENGALI CURRENCY NUMERATOR TWO
V) 09E9 OE2C 0020 0002 BENGALI DIGIT THREE

BENGALI CURRENCY NUMERATOR
LY 09F6 OE2C 0020 0002
THREE
8 09EA OE2D 0020 0002 BENGALI DIGIT FOUR
BENGALI CURRENCY NUMERATOR
| 09F7 OE2D 0020 0002
FOUR
¢ 09EB OEZ2E 0020 0002 BENGALI DIGIT FIVE

26
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Y 09EC OE2F 0020 0002 BENGALI DIGIT SIX

q 09ED OE30 0020 0002 BENGALI DIGIT SEVEN

b 09EE 0OE31 0020 0002 BENGALI DIGIT EIGHT

> 09EF 0E32 0020 0002 BENGALI DIGIT NINE

< Independent Vowels >

N 0985 12A2 0020 0002 BENGALI LETTER A
Sl 0986 12A3 0020 0002 BENGALI LETTER AA

3 0987 12A4 0020 0002 BENGALI LETTER |

5 0988 12A5 0020 0002 BENGALI LETTER Il

T 0989 12A6 0020 0002 BENGALI LETTER U

T 098A 12A7 0020 0002 BENGALI LETTER UU

Kl 098B 12A8 0020 0002 BENGALI LETTER VOCALIC R
3” 09EO 12A9 0020 0002 BENGALI LETTER VOCALIC RR
® 098C 12AA 0020 0002 BENGALI LETTER VOCALIC L
B 09E1 12AB 0020 0002 BENGALI LETTER VOCALIC LL
¢ 098F 12AC 0020 0002 BENGALI LETTER E

@ 0990 12AD 0020 0002 BENGALI LETTER Al

NS 0993 12AE 0020 0002 BENGALI LETTER O

@ 0994 12AF 0020 0002 BENGALI LETTER AU

< Consonants 2>
< 0995 15B0 0020 0002 BENGALI LETTER KA
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q 0996 15B1 0020 0002 BENGALI LETTER KHA
gl 0997 15B2 0020 0002 BENGALI LETTER GA
q 0998 15B3 0020 0002 BENGALI LETTER GHA
(o 0999 15B4 0020 0002 BENGALI LETTER NGA
17 099A 15B5 0020 0002 BENGALI LETTER CA
R 099B 15B6 0020 0002 BENGALI LETTER CHA
S 099C 15B7 0020 0002 BENGALI LETTER JA
Q€ 099D 15B8 0020 0002 BENGALI LETTER JHA
¢ 099E 15B9 0020 0002 BENGALI LETTER NYA
5] 099F 15BA 0020 0002 BENGALI LETTER TTA
_b 09A0 15BB 0020 0002 BENGALI LETTER TTHA
© 09A1 15BC 0020 0002 BENGALI LETTER DDA
) 09DC 15BD 0020 0002 BENGALI LETTER RRA
© 09A1 09BC 15BD 0020 0002 BENGALI LETTER RRA
D 09A2 15BE 0020 0002 BENGALI LETTER DDHA
19 09DD 15BF 0020 0002 BENGALI LETTER RHA
D 09A2 09BC 15BF 0020 0002 BENGALI LETTER RHA
q 09A3 15C0 0020 0002 BENGALI LETTER NNA
o 09A4 15C1 0020 0002 BENGALI LETTER TA
q 09A5 15C2 0020 0002 BENGALI LETTER THA
n 09A6 15C3 0020 0002 BENGALI LETTER DA

28
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g 09A7 15C4 0020 0002 BENGALI LETTER DHA
« 09A8 15C5 0020 0002 BENGALI LETTER NA
A 09AA 15C6 0020 0002 BENGALI LETTER PA
T 09AB 15C7 0020 0002 BENGALI LETTER PHA
| 09AC 15C8 0020 0002 BENGALI LETTER BA
© 09AD 15C9 0020 0002 BENGALI LETTER BHA
b 09AE 15CA 0020 0002 BENGALI LETTER MA
q 09AF 15CB 0020 0002 BENGALI LETTER YA
k| 09DF 15CC 0020 0002 BENGALI LETTER YYA

09AF 09BC | 15CC 0020 0002 BENGALI LETTER YYA
K| 09B0 15CD 0020 0002 BENGALI LETTER RA

BENGALI LETTER RA WITH MIDLE
9 09F0 15CE 0020 0002
DIAGONAL
G 09B2 15CF 0020 0002 BENGALI LETTER LA
BENGALI LETTER RA WITH LOWER
3 09F1 15D0 0020 0002
DIAGONAL
*[ 09B6 15D1 0020 0002 BENGALI LETTER SHA
15D2 0020 0002
q 09B7 BENGALI LETTER SSA
A 09B8 15D3 0020 0002 BENGALI LETTER SA
Y 09B9 15D4 0020 0002 BENGALI LETTER HA
£ 09BD 15D5 0020 0002 BENGALI SIGN AVAGRAHA
[15C1 0020
N 09CE 0002],[ 15E4 0020 BENGALI LETTER KHANDA TA
0002]
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< Dependant Vowels 2

-l 09BE 15D6 0020 0002 BENGALI VOWEL SIGN AA
f 09BF 15D7 0020 0002 BENGAL VOWEL SIGN |
:} 09CO0 15D8 0020 0002 BENGAL VOWEL SIGN I
2 09C1 15D9 0020 0002 BENGAL VOWEL SIGN U
C\ 09C2 15DA 0020 0002 BENGAL VOWEL SIGN UU
{ 09C3 15DB 0020 0002 BENGAL VOWEL SIGN VOCALIC R
é 09C4 15DC 0020 0002 BENGAL VOWEL SIGN VOCALIC RR
RN 09E2 15DD 0020 0002 BENGAL VOWEL SIGN VOCALIC L
e 09E3 15DF 0020 0002 BENGAL VOWEL SIGN VOCALIC LL
G 09C7 15E0 0020 0002 BENGAL VOWEL SIGN E
¢ 09C8 15E1 0020 0002 BENGAL VOWEL SIGN Al
A 09CB 15E2 0020 0002 BENGAL VOWEL SIGN O
caRe 09C7 09BE 15E2 0020 0002 BENGAL VOWEL SIGN O
Ci'}'?[ 09CC 15E3 0020 0002 BENGAL VOWEL SIGN AU
G ‘ﬂf 09C7 09D7 15E3 0020 0002 BENGAL VOWEL SIGN AU
3 09CD 15E4 0020 0002 BENGALI SIGN VIRMA
bT 09D7 15E5 0020 0002 BENGALI AU LENGTH MARK

30
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3.2.3. Results
Table 3.9 shows output obtained by sorting a sample input using the collation elements given in
Table 3.8.
Table 3.9. Input and Corresponding Sorted Output for Bengali
Input Output
g LI NGl U
(I8 BT R 3
EY i RGN tp
SRS I SIATCAT as
&5 §5% R N
SE) L ER $
EioER ey FAS 3Ty
ES T RE 8T
ERl é ECRIIE! FD
£ & 3T <8
T ST ES I
A CHIETS 23 3G
T SR& 25T Faa
€3 38 B B3]
AT BT A BaC
QIR FOH! Th O]
NlIN RS NEY e
a @y g IS
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GEWS)|
3T

o
o

S
N
317

Q)
G
GEAY)]

(FIe18

3.3. Conclusion

Bengali, like other Indic languages, has single level of collation. All characters are sorted at
primary level with numerals and currency symbols, independent vowels, modifiers, consonants
and dependent vowels sorted in this order. The sorting requires some text processing to
decompose the characters and map multiple characters onto single collation elements. However
after the mapping, the collation algorithm discussed in the second chapter is applied in a regular

manner for eventual collation.
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4. Dzongkha

Dzongkha is a Sino-Tibetan language related to Tibetan. It has 0.13 million first-language
speakers [28] and approximately 0.5 Million total speakers [30] in Bhutan. Dzongkha is the native
language of eight western districts of Bhutan (Thimphu, Paro, Punakha, Wangdue, Phodrang,
Gasa, Ha, Dhakana, and Chukha) and also recognized as the national and official language of

the country. Dzongkha speakers also reside in India (specifically West Bengal) and Nepal [29].

4.1. Writing System

4.1.1. Character Set

Dzongkha is written in Tibetan script which itself is motivated by the syllabic Devanagari writing
system. Dzongkha character set consists of 30 consonants and four vowels [30]. Each
consonant has inherent /a/ sound. The consonants are given below, arranged according to place

and manner of articulation.

TR IR 3 &L 9% HF R A § N QI N 3 & K 9
(6‘ J & Wwx A ﬂ N lj ®W
Figure 4.1. Dzongkha Consonants

Six extra consonants are also used in Dzongkha, which were originally to write Sanskrit loan
words, but now they are also used to write other foreign words. These are also known as
reversed letters, because some are mirror images of the consonants above [31]. Figure below

shows these characters.

TEr PP

Figure 4.2. Reversed Consonants of Dzongkha

Dzongkha writing system has a single independent vowel & or /a/. In addition, there are four

dependent vowels shown below (/i, u, e, o/ respectively), which combine with consonants.
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%
~
(%
X
%)
2

Figure 4.3. Vowels of Dzongkha

Additional special characters and modifier symbols are used in Dzongkha. These are shown

below.
Table 4.1. Dzongkha Special Characters

Name Glyph Usage
Sign Rnam Bcad o8 &8
Sign Sna Ldan s &
Mark Tsheg - ’ﬁ%f
Mark Shad |

Mark Nyis Shad 1

Sign Rnam Bcad, also known as Visarga, adds voiceless breath after the consonant and is
generally used to write Sanskrit words. Sign Sna Ldan is same as Anusvara in Indic languages,
and is used to nasalize the vowel and is also used for Sanskrit words [32]. Tsheg is used to
separate character clusters or units, roughly but not exactly the same as a syllable (former is

glyph/grapheme motivated, whereas latter is phonological motivated).

Mark Shad represents end of an expression while Nyis Shad marks a change in topic. These are
commonly used punctuation mark. These are derived from Devanagri Danda and Double Danda

and are “roughly equivalent to the comma and period” [5].

Dzongkha has its own numerals. These are shown below.
0 92 2 %z & U G 2 4 ¢

Figure 4.4. Dzongkha Numerals

Half form for each Dzongkha digit also exists, as is shown below [35].

ey x o x ® X € P £ e

Figure 4.5. Numerals with Half Forms in Dzongkha
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4.1.2. Script Details

Dzongkha is written from left to right. The written form has multiple level of stacking of
consonants and vowels. Dzongkha does not use regular spaces between words. Text flows in a
continuum. Space is used rarely, and may not mark a boundary in the writing system. As
mentioned already punctuation marks Danda and Double Danda are used to mark expression
and topic boundaries. Unlike other South East Asian languages syllable-like character clusters
are explicitly separated by special mark Tsheg. Detailed syllable structure is discussed in the

next section.

4.1.2.1. Syllable Structure

A syllable in Dzongkha can have one to six characters including one to four consonant characters
[31]. Each syllable has exactly one core consonant character known as ‘root’ or ‘radical’. A
syllable can optionally have a prefix, a suffix, a subscribed or a super-scribed letter and vowels
(dependent and independent). The figure below shows template syllable structure. This template

is explained below in context of the information available at [31].

Vo

Spo.1 Vo1
P041 R1 Sf0,2 (NO,'I

Sbo 1 Vo1

Vo

Figure 4.6. Generic Syllable Structure

e ‘R’ represents the root, and subscript digit ‘1’ represents that this root may be exactly

one letter in a syllable.

e ‘P’ represents prefix. Prefix is unpronounced in most cases but it does modify the
pronunciation of the following root in a few cases. Each syllable can have at most one

prefix. The five letters which can occur in this position are given below.

qiﬂ&lq

Figure 4.7. Dzongkha Prefix Letters
e ‘Sf represents suffix characters. Suffix marks the end of a syllable if independent vowel &

does not follow. A syllable can have up to two suffixes. Second suffix is known as
secondary suffix. There are ten consonants that can take role of primary suffix (shown
below). Only two consonants N (Letter SA; U+0F66) and 3 (Letter DA; U+0F51) can act
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36

as a secondary suffix. In some cases, primary suffix cancels the inherit /a/ sound of
radical by adding its own sound. In other cases, it modifies the vowel of root letter.

Sometimes it can have both these impacts.

J = f § I & & I A4 N

Figure 4.8. Dzongkha Suffix Letters

‘Sp’ represents super-scribed letters. These are placed at the top of other consonants.
Super-scribed letters modify the pronunciation of their host consonants by raising its tone
or pitch. The three super-scribed letters when attach with different consonants to form
three categories of letters namely Ra-go, La-go and Sa-go letters. These are shown

below along with all the consonants they can attach with.

Table 4.2. Super-Scribed Letters

Letter Usage
RaGo |z MHEER5EE8&EE
el a AA VYWY LYY 2
e NHYSYYYNNNY

‘Sb’ represents sub-scribed letters. These are placed underneath other consonants. The
four sub-scribed letters when attach with different consonants form four categories of
letters namely Ya-ta, Ra-ta, La-ta and Wa-zur letters. These are shown below along with
the consonants they attach with. Like super-scribed letters these also modify the sound of
the consonant that they attach with. Wa-zur combination does not modify the sound of
the host consonant.

Table 4.3. Dzongkha Sub-Scribed Letters

Letter Usage
Ya-Ta

W 383d%3F3
Ra-Ta

X TAYRIFIHFYINY3
La-Ta

A 143 ad
Wa-Z
Ty MTRAY353&84359493
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The shapes of all sub-scribed letters change except for La-ta, when they attach

underneath another consonant.

o ‘V’ represents dependent vowels (shown above in Figure 4.3). When they attach, the

dependent vowels replace the inherent vowel associated with consonants.

Table 4.4. Dependent Vowels with Consonant Ka

C+V Joined Form Sound Comment
’T‘ ’T‘ [ka] Inherent Vowel
~5, r- k
JTH'“ ’T‘ [ko] Vowel connects at its Top
’TH", Ql [ku] Vowel connects to its Base

Only the root consonant R or independent vowel ™ in a syllable can take dependent
vowels.

e The consonants in Dzongkha have inherent sound /a/ by default. For example letter

possesses sound [ka]. Unlike Indic languages Virama is not used in Dzongkha to nullify

the /a/ sound. Only the root consonant in a syllable has inherent /a/ sound which can be

changed through four dependent vowels. For example syllable 37 has sound [dag] and

not [Dagal. In this case suffix 7] marks the end of syllable. If the syllable has a consonant
cluster in the onset and has to end with inherent sound /a/ then it should end with
independent vowel ®. So the syllable Y™ has sound [dga] [5]. The vowel ® can also

take independent vowels to change the syllable sound to [dgi, dgu] etc.

More details on each of these can be found at [31].

The pronunciation of a character cluster is based on its root letter. So if a prefix or a suffix letter is
mistakenly identified as root the reader would pronounce the word incorrectly. This frequently

happens to new learners. Root can be identified through following five rules [31].

[N
o Only root in a syllable can take vowels, except for in case of phase connector ? and

independent vowel &
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o Only root letter can have sub or super-scribed letters

o A two letter syllable with no vowels has first letter as root. Second letter is suffix

o A three letter syllable usually has middle letter as a root. However in presence of
secondary suffix any of the first or second character can be the root

o A four letter syllable always has second letter as root

N plag N
The following word SN'EX has two character clusters YN and £ as shown in the figure below.

Syllable 1 Syllable 2
X N

Figure 4.9. Sample Syllables

4.1.2.2. Conjunct Consonants

Dzongkha frequently forms a large number of conjunct consonants with sub and super-scribed

consonants. Three of these are shown below.

Table 4.5. Conjunct Consonants [29]

Characters Conjunct Form
< 1
oK 5

All the consonants in Dzongkha are encoded in two forms. The first form is for the original form of
consonants when they appear as normal form or as a top element of a conjunct. Second form is

the sub-joined form of each consonant. The sub-joined forms can appear in conjunct anywhere
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but at the top [5] and are used because Virama or Halanta is not explicitly used. For example N

and *in the above figure are normal forms while m, 41, &, "% and € are sub-joined forms.

4.2. Collation

Dzongkha is mainly sorted at primary level. However a few special marks and that are given

secondary level weights and the reversed characters used (see figure 4.2) to represent foreign
words are given both primary and tertiary weights. For example % and { exhibit case level

difference. These are same at primary level but differ at tertiary level [36]. At primary level
numerals and their half forms are given smallest weight; these are followed by consonants and
their cluster variants, followed by special modifiers. These are followed by vowels and finally sub-
joined forms of consonants. Further details can be viewed in collation element table given below
in Table 4.8.

4.2.1. Text Processing

4.2.1.1. Syllabification

Dzongkha like Lao is collated syllable by syllable. Each syllable in a string is compared with its
corresponding syllable in the other string. Second and subsequent syllables are only compared
when there is previous syllables are identical. However the case of Dzongkha is less complex as
the syllable boundaries are explicitly defined by Tseg mark and the collation process is not
required to detect these automatically. This inter-syllabic mark Tseg has been assigned lightest
weight which ensures syllable by syllable comparison; alternatively, it could also be ignored if

more explicit syllable separation process is introduced.

4.2.1.2. Normalization

In Dzongkha consonants conjoin with other consonants and vowels to form complex conjuncts.
Unicode consortium has assigned code points to few such frequently used conjuncts. As a result

such ligatures/conjuncts can be obtained in two ways; either by typing sequence of its constituent

2
characters or by inserting the code point of the conjunct. For example 3 (U+0F77) can also be
obtained by typing sequence < (U+0FB2) + . (U+OF81). The cluster *, can further be

decomposed into "’Q (U+OF71) + * (U + OF80). So the cluster % has two other equivalent forms.

For collation these three are essentially the same. Therefore these are required to be normalized
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2
to one of the three forms. The cluster 5 however is not a linguistic entity. So it is required to be

broken into its constituents in order to obtain proper results. Other such clusters are shown in the

figure below.
Table 4.6. Normalization Cases
Decomposed Unicode of Equivalent Unicode of
Composed Composed
Form Decomposed Form Form Form
. 0F69
’T‘ s 0F40 OFB5 ’T‘p_
) OF71 OF72 a OF73
2 2
o e OFA1 OFB7 - OFA2
5 5 5
o OFA6 OFB7 o OFA7
7 5 g
o A OFB3 0F80 A 0F78
e OFB2 OF71 OF80 & OF77
< - H
. o OF71 OF74 o OF75
(73 N %
E 5 OF5B OFB7 %r OF5C
q 2 0OF56 OFB7 g OF57
ﬁ - 0F51 OFB7 5 0F52
5
o~ 0OFB2 OFBO A OF76
B =
. & OFB3 OF71 OF80 A O0F79
T |
o A OF71 OF80 & 0F81
a a
o~ 0F92 OFB7 . 0F93
% 1
OFAB OFB7 - OFAC
B 5 5
- OF9C 0FB7 - 0F9D
= % z
o 0F90 OFB5 o 0FB9
LI iy
f ,;.) 0F4C OFB7 g OF4D
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5y
=

il

OF42 OFB7 ‘g 0F43

4.2.1.3. Contraction

Contraction is a very important phenomenon for Dzongkha. A root can optionally have prefix,
suffix, sub- and super-joined consonants which combine with root to form different collation

entities. A Prefix + Root combination, for instance, is slightly heavier than the root itself.
Consider root letter 1, which has the following cluster variants: Y, 27, A, ¥, ¥, 97, 9%, each

having its own collation identity. Not all the main consonants have these variant forms so a
generic rule can not be defined. For 30 consonants there are 133 such clusters. These clusters
are required to be mapped onto single collation element. Below is list of few such formations.

Detailed list along with collation elements can be viewed in Table 4.8.

Table 4.7. Contraction Cases

Glyph Unicodes for Contraction

ﬁ + ’T‘ — ﬁ’q OF51 + OF40

R+ ’T‘ — ’:I’T‘ OF56 + OF40

1 4+ ’ﬁ — ’ﬁ 0F62 + 0F90

A 4 ’ﬂ — % 0F63 + OF90

N 4 F = '}{ 0F66 + OF90
R4+ X + ’fl — ‘:I’ﬁ OF56 + 0F62 + OF90
N4 N4 ’ﬁ — ’-:Iﬂ OF56 + 0F66 + OF90

4.2.1.4. Context Sensitive Collation Element Assignment

As mentioned before, collation in Dzongkha is based on syllables. Within each syllable, the main
consonant i.e. root dictates where and how it sorts. It is therefore important to classify whether a
character in a syllable is playing root or prefix. There are special cases in Dzongkha where a third

character or even fourth character is required to find out the root and prefix/suffix in a syllable.

Consider following example of 3Y]. Without a third character it is hard to determine root out of this
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sequence. In case of YA, letter ¥ is the root letter, so 3~ sorts under letter 7). However, in case

of I37), letter A is the root letter so J|37] sorts under A. In the former sequence 3 is the prefix,

while in latter it is the root.

Such ambiguities are by no means rare in Dzongkha and these are very hard for collation
process to detect. More complex case is of 3% where a fourth code point is also required to

determine the root letter. Given below is a comprehensive list of such ambiguities. The collation

elements proposed in this chapter does not tackle this problem.

A I Bl B H A A A A A I I B
llﬁ G\Iq EN lT]N |
Figure 4.10. Ambiguous Cases [33]

4.2.1.5. Reordering

In Dzongkha text flows from left to right as well as in vertical direction. Multiple consonants and

vowels conjoin together to form character stacking. Consider following example: g There has to

be a unique standardized input sequence to obtain this conjunct. The order of characters in input
sequence is important for collation. Vowel should logically be after consonants (normal or sub-

joined) to obtain correct sorting results.

The Unicode standard for Dzongkha recommends normal form of consonant + subjoined forms +
vowel, typing order. This is the required order. So reordering is not explicitly tackled during

collation process.

4.2.1.6. Conjunct Consonants

The formation of conjuncts is a visual process and does not change the input sequence logically.

Therefore conjoining characters have no bearing on collation.

4.2.2. Unicode Collation Elements

The collation elements for Dzongkha characters are defined below. This order is observed by

Dzongkha dictionary approved from Dzongkha language authority [34].
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Table 4.8. Collation Elements

Glyph Collation
Unicode Elements Unicode Name
m OF40 1375 0020 0002 TIBETAN LETTER KA
- OF51 OF40 1376 0020 0002 | TIBETAN LETTER DA + TIBETAN LETTER
KA
0F56 OF40 1378 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
adl KA
0F62 OF90 1379 0020 0002 TIBETAN LETTER RA + TIBETAN
il SUBJOINED LETTER KA
0F63 OF90 137B 0020 0002 TIBETAN LETTER LA +TIBETAN
A SUBJOINED LETTER KA
0F66 OF90 137C 0020 0002 TIBETAN LETTER SA + TIBETAN
N SUBJOINED LETTER KA
OF56 OF62 OF90 | 137F 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
| RA + TIBETAN SUBJOINED LETTER KA
OF56 OF66 OF90 | 1380 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
! SA + TIBETAN SUBJOINED LETTER KA
7 OF41 1382 0020 0002 TIBETAN LETTER KHA
OF58 OF41 1383 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER
&
KHA
OF60 OF41 1385 0020 0002 | TIBETAN LETTER —A + TIBETAN LETTER
;A KHA
q OF42 1386 0020 0002 TIBETAN LETTER GA
OF51 OF42 1388 0020 0002 | TIBETAN LETTER DA + TIBETAN LETTER
T GA
OF56 OF42 1389 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
aal GA
OF58 OF42 138B 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER
A GA
OF60 OF42 138C 0020 0002 | TIBETAN LETTER —A + TIBETAN LETTER
gl GA
O0F62 OF92 138F 0020 0002 TIBETAN LETTER RA + TIBETAN
Gl SUBJOINED LETTER GA
OF63 OF92 1390 0020 0002 TIBETAN LETTER LA + TIBETAN
i SUBJOINED LETTER GA
O0F66 OF92 1392 0020 0002 TIBETAN LETTER SA + TIBETAN
A SUBJOINED LETTER GA
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OF56 OF62 OF92 | 1393 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
g RA + TIBETAN SUBJOINED LETTER GA
OF56 OF66 OF92 | 1395 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER SA
A + TIBETAN SUBJOINED LETTER GA
- OF44 1396 0020 0002 TIBETAN LETTER NGA
OF51 OF44 1398 0020 0002 | TIBETAN LETTER DA +TIBETAN LETTER
= NGA
OF58 OF44 1399 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER
=R NGA
O0F62 OF94 139A 0020 0002 TIBETAN LETTER RA + TIBETAN
S SUBJOINED LETTER NGA
OF63 OF94 1398 0020 0002 TIBETAN LETTER LA + TIBETAN
7 SUBJOINED LETTER NGA
O0F66 OF94 139C 0020 0002 TIBETAN LETTER SA + TIBETAN
SUBJOINED LETTER NGA
OF56 OF62 OF94 | 139D 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
[ RA + TIBETAN SUBJOINED LETTER NGA
OF56 OF66 OF94 | 139F 0020 0002 | TIBETAN LETTER BA+ TIBETAN LETTER SA
- +TIBETAN SUBJOINED LETTER NGA
s OF45 13A0 0020 0002 TIBETAN LETTER CA
- OF42 OF45 13A2 0020 0002 | TIBETAN LETTER GA + TIBETAN LETTER
CA
- OF56 OF45 13A3 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
CA
OF63 OF95 13A5 0020 0002 TIBETAN LETTER LA + TIBETAN
% SUBJOINED LETTER CA
OF56 OF63 OF95 | 13A6 0020 0002 | TIBETAN LETTER BA+ TIBETAN LETTER
% LA+ TIBETAN SUBJOINED LETTER CA
N OF46 13A8 0020 0002 TIBETAN LETTER CHA
OF58 OF46 13A9 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER
ESES CHA
OF60 OF46 13AB 0020 0002 | TIBETAN LETTER —A + TIBETAN LETTER
[d CHA
= OF47 13AC 0020 0002 TIBETAN LETTER JA
5= OF58 OF47 13AE 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER
JA
= OF60 OF47 13AF 0020 0002 | TIBETAN LETTER —A + TIBETAN LETTER JA
OF62 OF97 13B0 0020 0002 TIBETAN LETTER RA + TIBETAN
E SUBJOINED LETTER JA
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OF63 OF97 13B1 0020 0002 TIBETAN LETTER LA +TIBETAN
2 SUBJOINED LETTER JA
OF56 OF62 OF97 | 13B2 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
RE RA + TIBETAN SUBJOINED LETTER JA
3 OF49 13B3 0020 0002 TIBETAN LETTER NYA
OF42 OF49 13B5 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
9 NYA
OF58 OF49 13B6 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER
a9 NYA
0F62 OF99 13B8 0020 0002 TIBETAN LETTER RA +TIBETAN
) SUBJOINED LETTER NYA
a OF66 OF99 13B9 0020 0002 TIBETAN LETTER SA +TIBETAN
) SUBJOINED LETTER NYA
. | OF560F620F99 | 13C0 0020 0002 TIBETAN LETTER BA +TIBETAN LETTER
) RA +TIBETAN SUBJOINED LETTER NYA
« | OF560F660F99 | 13C300200002 | TIBETAN LETTER BA +TIBETAN LETTER SA
5 +TIBETAN SUBJOINED LETTER NYA
5 OF4F 13C6 0020 0002 TIBETAN LETTER TA
- OF42 OF4F 13C9 0020 0002 | TIBETAN LETTER GA + TIBETAN LETTER
TA
OF56 OF4F 13CA 0020 0002 | TIBETAN LETTER BA + TIBETAN LETTER
B TA
OF62 OF9F 13CC 0020 0002 TIBETAN LETTER RA +TIBETAN
5 SUBJOINED LETTER TA
OF63 OF9F 13D0 0020 0002 TIBETAN LETTER LA +TIBETAN
] SUBJOINED LETTER TA
OF66 OF9F 13D3 0020 0002 TIBETAN LETTER SA +TIBETAN
SUBJOINED LETTER TA
OF56 OF62 OF9F | 13D6 0020 0002 TIBETAN LETTER BA +TIBETAN LETTER
a7 RA +TIBETAN SUBJOINED LETTER TA
OF56 OF66 OF9F | 13D9 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER SA
ari +TIBETAN SUBJOINED LETTER TA
a OF50 13DC 0020 0002 TIBETAN LETTER THA
OF58 OF50 13DF 0020 0002 | TIBETAN LETTER MA +TIBETAN LETTER
= THA
OF60 OF50 13E0 0020 0002 TIBETAN LETTER —A +TIBETAN LETTER
o THA
5 OF51 13E2 0020 0002 TIBETAN LETTER DA
- OF42 OF51 13E4 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
DA
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OF56 OF51 13E6 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER
aa DA
OF58 OF51 13E8 0020 0002 | TIBETAN LETTER MA +TIBETAN LETTER
a DA
as OF60 OF51 13EA 0020 0002 | TIBETAN LETTER —A +TIBETAN LETTER DA
OF62 OFA1 13EC 0020 0002 TIBETAN LETTER RA +TIBETAN
3 SUBJOINED LETTER DA
OF63 OFA1 13EF 0020 0002 TIBETAN LETTER LA +TIBETAN
SUBJOINED LETTER DA
OF66 OFA1 13F0 0020 0002 TIBETAN LETTER SA +TIBETAN
£ SUBJOINED LETTER DA
OF56 OF62 OFA1 | 13F2 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER
3 RA +TIBETAN SUBJOINED LETTER DA
OF56 OF63 OFA1 | 13F 4 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER LA
2 +TIBETAN SUBJOINED LETTER DA
OF56 OF66 OFA1 | 13F6 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER SA
N +TIBETAN SUBJOINED LETTER DA
3 0F53 13F8 0020 0002 TIBETAN LETTER NA
. OF42 OF53 13FA 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
NA
OF58 OF53 13FC 0020 0002 | TIBETAN LETTER MA +TIBETAN LETTER
g, NA
O0F62 OFA3 13FF 0020 0002 TIBETAN LETTER RA +TIBETAN
3 SUBJOINED LETTER NA
OF66 OFA3 1400 0020 0002 TIBETAN LETTER SA +TIBETAN
3 SUBJOINED LETTER NA
OF56 OF62 OFA3 | 1402 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER
& RA +TIBETAN SUBJOINED LETTER NA
OF56 OF66 OFA3 | 1404 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER SA
3 +TIBETAN SUBJOINED LETTER NA
o OF54 1406 0020 0002 TIBETAN LETTER PA
0 OF51 OF54 1408 0020 0002 | TIBETAN LETTER DA + TIBETAN LETTER
PA
O0F63 OFA4 140A 0020 0002 TIBETAN LETTER LA +
A TIBETAN SUBJOINED LETTER PA
OF66 OFA4 140C 0020 0002 TIBETAN LETTER SA +TIBETAN
SUBJOINED LETTER PA
9 0F55 140F 0020 0002 TIBETAN LETTER PHA
s OF60 OF55 1410 0020 0002 | TIBETAN LETTER —A + TIBETAN LETTER

PHA
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a OF56 1412 0020 0002 TIBETAN LETTER BA
s OF51 OF56 1414 0020 0002 | TIBETAN LETTER DA +TIBETAN LETTER
BA
as OF60 OF56 1416 0020 0002 | TIBETAN LETTER —A + TIBETAN LETTER
BA
OF62 OFA6 1418 0020 0002 TIBETAN LETTER RA + TIBETAN
S| SUBJOINED LETTER BA
OF63 OFA6 141A 0020 0002 TIBETAN LETTER LA +TIBETAN
H SUBJOINED LETTER BA
OF66 OFA6 141C 0020 0002 TIBETAN LETTER SA + TIBETAN
.| SUBJOINED LETTER BA
5 OF58 141F 0020 0002 TIBETAN LETTER MA
s OF51 OF58 1420 0020 0002 | TIBETAN LETTER DA + TIBETAN LETTER
MA
OF62 OFA8 1422 0020 0002 TIBETAN LETTER RA +TIBETAN
& SUBJOINED LETTER MA
OF66 OFAS 1424 0020 0002 TIBETAN LETTER SA + TIBETAN
£\ SUBJOINED LETTER MA
3 OF59 1426 0020 0002 TIBETAN LETTER TSA
OF42 OF59 1428 0020 0002 | TIBETAN LETTER GA + TIBETAN LETTER
ﬂs TSA
3 OF56 OF59 142A 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER
) TSA
O0F62 OFA9 142C 0020 0002 TIBETAN LETTER RA +TIBETAN
3 SUBJOINED LETTER TSA
OF66 OFA9 142F 0020 0002 TIBETAN LETTER SA +TIBETAN
3 SUBJOINED LETTER TSA
OF56 OF62 OFA9 | 1430 0020 0002 TIBETAN LETTER RA +TIBETAN
¥ SUBJOINED LETTER TSA
OF56 OF66 OFA9 | 1432 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER SA
e +TIBETAN SUBJOINED LETTER TSA
z OF5A 1434 0020 0002 TIBETAN LETTER TSHA
2 OF58 OF5A 1436 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER
& TSHA
z OF60 OF5A 1438 0020 0002 | TIBETAN LETTER -A + TIBETAN LETTER
Q TSHA
P OF5B 143A 0020 0002 TIBETAN LETTER DZA
S OF58 OF5B 143C 0020 0002 | TIBETAN LETTER MA + TIBETAN LETTER

DZA
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= OF60 OF5B 143F 0020 0002 TIBETAN LETTER —A +TIBETAN LETTER
e DZA
OF62 OFAB 1440 0020 0002 TIBETAN LETTER RA +TIBETAN
E SUBJOINED LETTER DZA
OF56 OF62 OFAB | 1442 0020 0002 TIBETAN LETTER BA +TIBETAN
RE SUBJOINED LETTER DZA
" OF5D 1444 0020 0002 TIBETAN LETTER WA
q OF5E 1446 0020 0002 TIBETAN LETTER ZHA
OF42 OF5E 1448 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
T4 ZHA
OF56 OF5E 144A 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER
~Q ZHA
= OF5F 144C 0020 0002 TIBETAN LETTER ZA
s OF42 OF5F 144F 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
ZA
o= OF56 OF5F 1450 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER ZA
a OF60 1452 0020 0002 TIBETAN LETTER -A
“ OF61 1454 0020 0002 TIBETAN LETTER YA
s OF42 OF61 1456 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
YA
< 0F62 1458 0020 0002 TIBETAN LETTER RA
< OFBA 145A 0020 0002 TIBETAN LETTER FIXED-FORM RA
OF56 OF6A 145C 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER
A FIXED-FORM RA
o 0F63 145A 0020 0002 TIBETAN LETTER LA
q OF64 1460 0020 0002 TIBETAN LETTER SHA
OF42 OF64 1462 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
AN SHA
OF56 OF64 1464 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER
= SHA
s 0F66 1466 0020 0002 TIBETAN LETTER SA
= OF42 OF66 1468 0020 0002 | TIBETAN LETTER GA +TIBETAN LETTER
SA
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s OF56 OF66 146A 0020 0002 | TIBETAN LETTER BA +TIBETAN LETTER SA
7 OF67 146C 0020 0002 TIBETAN LETTER HA
OF63 OFB7 146F 0020 0002 TIBETAN LETTER LA + TIBETAN
SUBJOINED LETTER HA
w OF68 1470 0020 0002 TIBETAN LETTER A
6 OF4A 13C6 0020 0008 TIBETAN LETTER TTA
B OF4B 13DC 0020 0008 TIBETAN LETTER TTHA
F OF4C 13E2 0020 0008 TIBETAN LETTER DDA
F OF4E 13F8 0020 0008 TIBETAN LETTER NNA
'.'?: OF7E 147A 0020 0002 TIBETAN SIGN RJES SU NGA RO
.3% 0OF82 147C 0020 0002 TIBETAN SIGN NYI ZLA NAA DA
',% OF83 147F 0020 0002 TIBETAN SIGN SNA LDAN
P» 0F65 1480 0020 0002 TIBETAN LETTER SSA
OF69 1482 0020 0002 TIBETAN LETTER KSSA
e
'g? 0F72 1484 0020 0002 TIBETAN VOWEL SIGN |
'{a 0F80 1486 0020 0002 TIBETAN VOWEL SIGN REVERSED |
- OF74 1488 0020 0002 TIBETAN VOWEL SIGN U
o
'? OF7A 148A 0020 0002 TIBETAN VOWEL SIGN E
'_:\ OF7B 148C 0020 0002 TIBETAN VOWEL SIGN EE
X OF7C 148F 0020 0002 TIBETAN VOWEL SIGN O
% OF7D 1490 0020 0002 TIBETAN VOWEL SIGN OO
- OF90 1492 0020 0002 TIBETAN SUBJOINED LETTER KA
i'f‘
- 0F91 1494 0020 0002 TIBETAN SUBJOINED LETTER KHA
%
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- 0F92 1496 0020 0002 TIBETAN SUBJOINED LETTER GA

m

- 0F94 1498 0020 0002 TIBETAN SUBJOINED LETTER NGA

B

- 0F95 149A 0020 0002 TIBETAN SUBJOINED LETTER CA

3

- 0F96 149C 0020 0002 TIBETAN SUBJOINED LETTER CHA

&

- 0F97 149F 0020 0002 TIBETAN SUBJOINED LETTER JA

E

o 0F99 1500 0020 0002 TIBETAN SUBJOINED LETTER NYA

%

- OF9F 1502 0020 0002 TIBETAN SUBJOINED LETTER TA

%

- OF9B 1505 0020 0002 TIBETAN SUBJOINED LETTER TTHA

=4

- OFA1 1506 0020 0002 TIBETAN SUBJOINED LETTER DA
i

- OFA3 1508 0020 0002 TIBETAN SUBJOINED LETTER NA

kS

- OFA4 150A 0020 0002 TIBETAN SUBJOINED LETTER PA
Y

- OFA5 150C 0020 0002 TIBETAN SUBJOINED LETTER PHA
%1

- OFAG 150F 0020 0002 TIBETAN SUBJOINED LETTER BA

5|

- OFA8 1510 0020 0002 TIBETAN SUBJOINED LETTER MA

k|

- OFA9 1512 0020 0002 TIBETAN SUBJOINED LETTER TSA
)

- OFAA 1514 0020 0002 TIBETAN SUBJOINED LETTER TSHA

&

- OFAB 1516 0020 0002 TIBETAN SUBJOINED LETTER DZA
E

o OFAD 1518 0020 0002 TIBETAN SUBJOINED LETTER WA
4

- OFAE 151A 0020 0002 TIBETAN SUBJOINED LETTER ZHA

i

- OFAF 151C 0020 0002 TIBETAN SUBJOINED LETTER ZA
3

- OFBO 151F 0020 0002 TIBETAN SUBJOINED LETTER -A
4

o OFB1 1520 0020 0002 TIBETAN SUBJOINED LETTER YA

<
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OFB2 1522 0020 0002 TIBETAN SUBJOINED LETTER RA
;_']

OFB3 1524 0020 0002 TIBETAN SUBJOINED LETTER LA
1o

OFB4 1526 0020 0002 TIBETAN SUBJOINED LETTER SHA
%

OFB6 1528 0020 0002 TIBETAN SUBJOINED LETTER SA
<

OFB7 152A 0020 0002 TIBETAN SUBJOINED LETTER HA
2

OFB8 152C 0020 0002 TIBETAN SUBJOINED LETTER A
&

OF9A 152F 0020 0002 TIBETAN SUBJOINED LETTER TTA
&

0F9B 1530 0020 0002 TIBETAN SUBJOINED LETTER TTHA
B

0F9C 1532 0020 0002 TIBETAN SUBJOINED LETTER DDA
:

OF9E 1534 0020 0002 TIBETAN SUBJOINED LETTER NNA
®

0FB5 1536 0020 0002 TIBETAN SUBJOINED LETTER SSA
5

0F90 OFB5 1538 0020 0002 TIBETAN SUBJOINED LETTER
i

l OFOD 1371 0020 0002 TIBETAN MARK SHAD

" OFOE 1372 0020 0002 TIBETAN MARK NYIS SHAD
0F84 0000 00C4 0002 TIBETAN MARK HALANTA

. OF71 0000 00C9 0002 TIBETAN VOWEL SIGN AA

(73

e 0F39 0000 00CA 0002 TIBETAN MARK TSA-PHRU

o OF7F 0000 00CB 0002 TIBETAN SIGN RNAM BCAD
"é OF85 0000 00CD 0002 TIBETAN MARK PALUTA

= OF88 0000 00D5 0002 TIBETAN SIGN LCE TSA CAN
o OF89 0000 00D8 0002 TIBETAN SIGN MACHU CAN
ar OF8A 0000 0O0DA 0002 TIBETAN SIGN GURU CAN RGYINGS
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o0 OF8B 0DC7 0020 0002 TIBETAN SIGN GURU MED RGYINGS
0F20 0DC8 0020 0002 TIBETAN DIGIT ZERO

o O0F33 0350 0020 0002 TIBETAN DIGIT HALF ZERO
O0F21 0E12 0020 0002 TIBETAN DIGIT ONE
OF2A 0E13 0020 0002 TIBETAN DIGIT HALF ONE

2 0F22 0E29 0020 0002 TIBETAN DIGIT TWO
OF2B OE2A 0020 0002 TIBETAN DIGIT HALF TWO

2 0F23 OE2A 0020 0002 TIBETAN DIGIT THREE

x OF2C OE2B 0020 0002 TIBETAN DIGIT HALF THREE

o 0F24 OE2B 0020 0002 TIBETAN DIGIT FOUR

o OF2D OE2C 0020 0002 TIBETAN DIGIT HALF FOUR
O0F25 O0E2C 0020 0002 TIBETAN DIGIT FIVE
OF2E OE2D 0020 0002 TIBETAN DIGIT SIX
OF26 O0E2D 0020 0002 TIBETAN DIGIT HALF SIX

¢ OF2F OE2E 0020 0002 TIBETAN DIGIT SEVEN

2 OF27 OE2F 0020 0002 TIBETAN DIGIT HALF SEVEN

# OF30 OE30 0020 0002 TIBETAN DIGIT HALF SEVEN
OF28 0OE31 0020 0002 TIBETAN DIGIT EIGHT

pa OF31 0E32 0020 0002 TIBETAN DIGIT HALF EIGHT
0F29 0E33 0020 0002 TIBETAN DIGIT NINE

@ 0F32 0E34 0020 0002 TIBETAN DIGIT HALF NINE
OF0B 1370 0020 0002 TIBETAN MARK INTERSYLLABIC TSHEG

52
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romses OF0C 1373 0020 0002 TIBETAN MARK DELIMETER TSHEG BSTAR
iNB
[1375 0020 0002],
’T‘p, OF69 [1536 0020 0002] TIBETAN LETTER KSSA
a [0000 00C9 0002],
0F73 [1484 0020 0002] TIBETAN VOWEL SIGN Il
v}
[1506 0020 0002],
‘é" 0FA2 [152A 0020 0002] TIBETAN SUB-JOINED LETTER DHA
[150F 0020 0002],
’g’ OFA7 [152A 0020 0002] TIBETAN SUB-JOINED LETTER BHA
P [1524 0020 0002],
E{i 0OF78 [1486 0020 0002] TIBETAN VOWEL SIGN VOCALIC L
2 [1522 0020 0002],
7‘1 OF77 [0000 00C9 0002], TIBETAN VOWEL SIGN VOCALIC RR
[1486 0020 0002]
[0000 00C9 0002],
% 0OF75 [1488 0020 0002] TIBETAN VOWEL SIGN UU
P [1522 0020 0002],
= 0F76 [151F 0020 0002] TIBETAN VOWEL SIGN VOCALIC R
P [1524 0020 0002],
‘ﬁ 0F79 [0000 00C9 0002], TIBETAN VOWEL SIGN VOCALIC LL
[1486 0020 0002]
P [0000 00C9 0002],
q 0F81 [1486 0020 0002] TIBETAN VOWEL SIGN REVERSED I
[1496 0020 0002],
ig;i 0F93 [152A 0020 0002] TIBETAN SUB-JOINED LETTER GHA
[1516 0020 0002],
‘g’ OFAC [152A 0020 0002] TIBETAN SUBJOINED LETTER DZHA
[1532 0020 0002],
E-; 0OF9D [152A 0020 0002] TIBETAN SUBJOINED LETTER DDHA
[1492 0020 0002],
;;j OFB9 [1536 0020 0002] TIBETAN SUBJOINED LETTER KSSA
[143A 0020 0002],
g 0OF5C [152A 0020 0002] TIBETAN LETTER DZHA
[1412 0020 0002],
g OF57 [152A 0020 0002] TIBETAN LETTER BHA
[13E2 0020 0002],
% OF52 [152A 0020 0002] TIBETAN LETTER DHA
[1476 0020 0002],
g OF4D [152A 0020 0002] TIBETAN LETTER DDHA
[1386 0020 0002],
%’ OF43 [152A 0020 0002] TIBETAN LETTER GHA
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4.2.3. Results

This section shows some results obtained by sorting a sample input based on the collation

elements defined.

Table 4.9. Input and Corresponding Sorted Output for Dzongkha

Input Output
76=q] SR M3 RTRES|
dEl GERR ME<] S|
SRS SUERS MER| SRR
U =A% TEFR| SEEAE
T R TN ABuEn
r:@ﬁ'iaq N s| ﬁ'g” 3|
FaA| | Mg=a A3
Mg T ERRREEEEE] SR
AR a3 TFIREE| T
TER| TR iR S|
S| e R S
ARG SUERIFA G PR
R a'ata?,aw‘ A :@qk\l[
g S T SR
Bl R 3 ZA 3
| 4N BRA s
CRREREE SE 35 e
ST i g |
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R R 3% A&
NI 3| =Y =]
M| s TRAR| 33|
=Ry e TRAR| AN
RS | gl e
S| 34| T AP
TR A5 A CaR/AR
4B 75| 1 RCaal
ST CaVARl B EKN
BAR N9 TR Sy
R ey 57| CERR
355 Sakdl A5 Sk
7% 35 EREAR 5
SRR TR G| o s
1A K| T FR
Ly ST

4.3. Conclusion

Dzongkha resembles with both Indic and South East Asian languages. Like Indic languages
sorting is mainly carried out at primary level. Like Lao, collation in Dzongkha is based on intricate
syllable structure. Collation element assignment requires context sensitive analysis. Numerals
and their half forms are given lightest weights. These are followed by consonants and their
respective conjuncts, then vowels followed by sub-joined forms of consonants. Few special signs
are given secondary weights. The sort order has been based on Dzongkha Dictionary from
Dzongkha Development Authority [34].
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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].

NeaJ’l IV duvduygdsaoans

Figure 5.1. Lao Consonants

v & 8 oXeuXe ™Xe Xae « S %o (%o Tow
Short Vowels
X2 & & oXuX X308 Xe 1 F2 0o
Long Vowels
x X c Do Sa
Diphthongs

Figure 5.2. Lao Vowels [21]
(X used as a placeholder for a consonant)
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Lao script also has four tone marks, shown in Figure 5.3.

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) Y
Mai Sum (Word Repetition) |
Mai Kalan o

Mai Sum (v, 9)) 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.

09 C N & & &N Q
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.
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Table 5.2. Lao Vowels with Consonant KO

+N tN Connects to Left
N+e Ne Connects to Right
Tl+q j’;] Connects at Bottom
N+ Nn Connects at Top
N+ & (77 | 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

C+n+i

=

Above the Consonant

j’]+°+y 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.

Toa
Vo1
| Voi[Cos| C | Vo1 Coual
Co1
Vo1

Figure 5.5. Generic Syllable Structure for Lao (C = Consonant; V = Vowel; T = Tone Mark)
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A detailed syllable template for Lao is shown Figure 5.6. X, through X,q are explained below.

X5
X4
| Xo [ Xi| X [ Xe| Xz | Xs | Xo | X0 |
X2
X3

Figure 5.6. Detailed Syllable Structure for Lao

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

e X1 is a combination consonant = which comes before the nuclear consonant, only if the

nuclear consonant is one of {5, &, v, v, a, 2}. It can also occur before ¢

e Xrepresents the nuclear consonants.

e X2 is ¢ and comes only when = occurs as X1 (in this case, there will be no nuclear

consonant) and the combination forms the nuclear consonant.

e  Xjrepresents vowels which occur under the nuclear consonant.

o X, represents vowel which occur above the nuclear consonant.

e Xjsrepresents tone marks which appear above nuclear consonant or above vowels.

e X represents consonant vowel, which occurs after nuclear consonant. This functions as

vowel when the syllable does not have any vowels, and always appear with Xg.

e X, represents an after-vowel. However X;; always indicates the end of syllable and it

never exists with a tone mark.

o Xg represents alternate consonants.

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

with X10-
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o X, 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 X | X3 Xs Xs X7 Xg | Xo | Xio
(X || N2 @ 9ag o : OXe1 | Xy | N | 9|y
€ Xoz gonqguy 0 o 9 Xe2 | 9 Xp2 38 |9
T Xos g wwud " J Xes | 9% | ® | 8
% Xos Sa®mes 0 | w
T Xos W o8 MU U |

| a
U
)

Syllable boundaries are detected based on a set of conditions. For example the syllable o
satisfies condition: Xo1(X1) X(X2) Xa1 | Xa 2 (X5) (Xg) (Xo: X103) (X101 | X190 2). It states that a
syllable that fulfills this condition must have vowel Xy, .. Combinational consonants X; and X, are
optional. It should have a main consonant X which is » in this example string. It must have one of
the two vowels X4; or X4, (3 or 8). Tone mark Xs and consonants Xg and Xg are also optional.
Moreover if Xg 0ccurs it must be followed by X3, One of the X;0; Or X;9, can occur optionally. The

syllable template is filled for this string in Figure 5.7.

Figure 5.7. Syllable Template Filled for Lao String Lﬁo
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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
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.
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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
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,, Xg 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 4§ can be generated by the sequence » + o + 2 or alternatively by the
sequence = + & + . 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.
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Table 5.5. Differences in Sort Keys Caused by Variation in Character Sequence

Syllable )
- Collation Elements Sort Key
e [0820 0200 0020 0002] [0820 0000 0200 021A 0000 0020 0020
[0000 021A 0020 0002] 0000 0002 0002]
+n [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), Xo X3 X; Xg X; (vowels), Xg Xg (alternate consonants), Xs (tone
marks) and X, (special characters). As an example string uis reordered as v+c+3+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
= P Decomposed | Composed Composed
orm
Form Form Form
Ny OEAB 0OE99 o OEDC
L OEAB OEA1 gy OEDD
&9 0ECD 0EB2 &9 0EB3

5.2.1.5. Contraction of Consonants

Lao letter Ho Sung » combines with the consonants {5, ¢, v, v, ¢, a, o} 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 » in

Lao words and is assigned the same collation element as » because » is same as w»a.

www.PANL10N.net 63



A Study on Collation of Language from Developing Asia

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

v T oada 88580 aﬁ%LLLTT\E
Figure 5.8. Encoded Characters and Marks for Forming Lao Vowels

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
[+ &= (5 0ECO + OEB4
(+ &= 0ECO + OEB5
2+ 0+ Towm OEBB + 0EA7 + 0EBO
T+ o OEBB + OEA7
(+ 0+ 9 =(9 OECO + OEB6 + OEAD
¢+ °‘ +9= CQB OECO + OEB7 + OEAD
C+ 74 9= (79 OECO + OEBB + OEB2
c+ s = Xe 0ECO + 0EBO
c+ 9+ s =X OECO + OEB2 + OEBO
i+ e=[Xe OEC1 + 0EBO
T+o=1IXe OEC2 + OEBO
(+ ¢ =Xy OECO + OE8D
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(+ &4+9g (7Y OECO + OEB1 + OE8D

o + 9= 06] OECD + 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

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=>
7 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
) OE87 0826 0200 0020 0002 LAO LETTER NGO
v OE88 0828 0200 0020 0002 LAO LETTER CO
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S 0EAA 082A 0200 0020 0002 LAO LETTER SO SUNG
& OE8A 082C 0200 0020 0002 LAO LETTER SO TAM
g 0E8D 082E 0200 0020 0002 LAO LETTER NYO
2 0E94 0830 0200 0020 0002 LAO LETTER DO
6 O0E95 0832 0200 0020 0002 LAO LETTER TO
0 OE96 0834 0200 0020 0002 | LAO LETTER THO SUNG
h O0E97 0836 0200 0020 0002 LAO LETTER THO TAM
J 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
0 0E9C 083E 0200 0020 0002 | LAO LETTER PHO SUNG
o 0E9D 0840 0200 0020 0002 LAO LETTER FO TAM
u O0ESE 0842 0200 0020 0002 LAO LETTER PHO TAM
U OE9F 0844 0200 0020 0002 LAO LETTER FO SUNG
J OEA1 0846 0200 0020 0002 LAO LETTER MO
¢ OEA2 0848 0200 0020 0002 LAO LETTER YO
S OEA3 084A 0200 0020 0002 LAO LETTER LO LING
& OEBC 084C 0200 0020 0002 LAO SEMI VOWEL SIGN
LO
& OEAS 084E 0200 0020 0002 LAO LETTER LO LOOT
o 0EA7 0850 0200 0020 0002 LAO LETTER WO
OEAB 0852 0200 0020 0002 LAO LETTER HO SUNG
) OEAB+0E87 0854 0200 0020 0002 | LAO LETTER HO SUNG+
LAO LETTER NGO
0Ny OEAB+0OE8D 0856 0200 0020 0002 LAO LETTER HO SUNG
+ LAO LETTER NYO
o OEAB+0E99 0858 0200 0020 0002 LAO LETTER HO SUNG
+ LAO LETTER NO
9 OEDC 0858 0200 0020 0002 LAO LETTER HO NO
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aL OEAB+0EA1 0860 0200 0020 0002 LAO LETTER HO SUNG
+ LAO LETTER MO
&) OEDD 0860 0200 0020 0002 | LAO LETTER HO MO
Mo LAO LETTER HO SUNG
OEAB+0EA5 0864 0200 0020 0002 | + LAOLETTER LO LOOT
o1 LAO LETTER HO SUNG
& OEAB+0EBC 0864 0200 0020 0002 | + LAO SEMIVOWEL
SIGN LO
09 OEAB+QEA7 0868 0200 0020 0002 LAO LETTER HO SUNG
+ LAO LETTER WO
OEAD 086A 0200 0020 0002 LAO LETTER O
3 OEAE 086C 0200 0020 0002 LAO LETTER HO TAM
€ Vowels>
- 0EBO 0000 0202 0020 0002 LAO VOWEL SIGN A
+X8/X9 LAO VOWEL SIGN MAI
OEB1+X8/X9 0000 0204 0020 0002 KAN + CONSONANTAL
" 0EB2 0000 0206 0020 0002 LAO VOWEL SIGN AA
)
OEB4 0000 0208 0020 0002 LAO VOWEL SIGN |
0EB5 0000 020A 0020 0002 LAO VOWEL SIGN lI
OEB6 0000 020C 0020 0002 LAO VOWEL SIGN Y
0EB7 0000 0210 0020 0002 LAO VOWEL SIGN YY
5 OEB8 0000 0212 0020 0002 LAO VOWEL SIGN U
¥ 0EB9 0000 0214 0020 0002 LAO VOWEL SIGN UU
tXe OECO0+X+0EBO 0000 0216 0020 0002 LAO VOWEL SIGN E +
MAIN CONSONANT +
LAO VOWEL SIGN A
(F+X8/X9 LAO VOWEL SIGN E +
OECO0+0EB1+X8/X9 0000 0218 0020 0002 | LAO VOWEL SIGN MAIN
KAN + CONSONANTAL
X LAO VOWEL SIGN E +
O0ECO+X 0000 021A 0020 0002 MAIN CONSONANT
Xy LAO VOWEL SIGN EI +
OEC1+X+0EBO 0000 021C 0020 0002 MAIN CONSONANT +
LAO VOWEL SIGN A
€+ X8/X9 LAO VOWEL SIGN EI +
OEC1+0EB1+X8/X9 0000 0220 0020 0002 LAO VOWEL SIGN MAI
KAN + CONSONANTAL
X OEC1+X LAO VOWEL SIGN EI +
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0000 0222 0020 0002

MAIN CONSONANT

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

O0EC2+X

0000 0228 0020 0002

LAO VOWEL SIGN O +
MAIN CONSONANT

(X9e

OECO+X+0EB2+0EBO

0000 022A 0020 0002

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

O0ECD

0000 022C 0020 0002

LAO NIGGAHITA

X2+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 |

OECO0+0EBS5

0000 0232 0020 0002

LAO VOWEL SIGN E +
LAO VOWEL SIGN I

OECO+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

I+X8/X9 LAO SEMI VOWEL SIGN
0 OEBD+X8/X9 0000 0238 0020 0002 NYO + CONSONANTAL

2oy LAO VOWEL SIGN MAI
OEBB+0EA7+0EBO | 0000 023A 0020 0002 | KON + LAO LETTER WO
+ LAO + VOWEL SIGN A

LAO VOWEL SIGN MAI
KON + LAO LETTER WO
+ CONSONANTAL

T:0+X8/X9

OEB1+0EA7+X8/X9 0000 023C 0020 0002

20 LAO VOWEL SIGN MAI
OEBB+0EA7 0000 023E 0020 0002 | KON + LAO LETTER WO

(59 LAO VOWEL SIGN E +
OECO0+0EB6+0EAD 0000 0240 0020 0002 LAO VOWEL SIGN Y +
LAO LETTER O

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

OECO+0EB7+0EAD 0000 0242 0020 0002

MAIN CONSONANT +
LAO LETTER WO +
CONSONANTAL

X2+X8/X9

X+0EA7+X8/X9 0000 0244 0020 0002

\CX LAO VOWEL SIGN Al +
0EC4+X 0000 0246 0020 0002 MAIN CONSONANT

‘ZX LAO VOWEL SIGN AY +
OEC3+X 0000 0248 0020 0002 MAIN CONSONANT

(e LAO VOWEL SIGN E +
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OECO+0EBB+0EB2 0000 024A 0020 0002 LAO VOWEL SIGN MAI
KON + LAO VOWEL
SIGN AA
=1 O0EB3 0000 024C 0020 0002 LAO VOWEL SIGN AM
°+6] LAO NIGGAHITA + LAO
OECD+0EB2 0000 024C 0020 0002 VOWEL SIGN AA
< Alternate Consonants 2>
7 OE81 0000 0000 0022 0002 LAO LETTER KO
) OE87 0000 0000 0024 0002 LAO LETTER NGO
o OE8D 0000 0000 002C 0002 LAO LETTER NYO
© 0E94 0000 0000 002E 0002 LAO LETTER DO
y 0E99 0000 0000 0030 0002 LAO LETTER NO
v 0E9A 0000 0000 0032 0002 LAO LETTER BO
L 0EA1 0000 0000 0038 0002 LAO LETTER MO
o OEA7 0000 0000 003C 0002 LAO LETTER WO
€ Tone Marks=>
OECS8 0000 0000 0000 0004 LAO TONE MAI EK
0EC9 0000 0000 0000 0006 LAO TONE MAI THO
OECA 0000 0000 0000 0008 LAO TONE TI
OECB 0000 0000 0000 0008 LAO TONE MAI CATAWA
< Numerals>
° 0EDO 0700 0200 0020 0002 LAO DIGIT ZERO
° 0ED1 0702 0200 0020 0002 LAO DIGIT ONE
¢ 0ED2 0704 0200 0020 0002 LAO DIGIT TWO
9 0ED3 0706 0200 0020 0002 LAO DIGIT THREE
G 0ED4 0708 0200 0020 0002 LAO DIGIT FOUR
G 0ED5 070A 0200 0020 0002 LAO DIGIT FIVE
) OEDG6 070C 0200 0020 0002 LAO DIGIT SIX
N OED7 070E 0200 0020 0002 LAO DIGIT SEVEN
9 OEDS8 0710 0200 0020 0002 LAO DIGIT EIGHT
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w 0ED9 0712 0200 0020 0002 LAO DIGIT NINE
_ € Various Symbols=>

- 0ECC 0000 0000 0000 0000 MAI KALAN

J 0EC6 0000 0000 0000 0000 MAI' SUM

7 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—>

7 OE81 0820 0200 0020 0002 LAO LETTER KO
2 0E82 0822 0200 0020 0002 LAO LETTER KHO SUNG
& 0E84 0824 0200 0020 0002 LAO LETTER KHO TAM
) 0E87 0826 0200 0020 0002 LAO LETTER NGO
i 0ES88 0828 0200 0020 0002 LAO LETTER CO
s OEAA 082A 0200 0020 0002 LAO LETTER SO SUNG
2 O0E8A 082C 0200 0020 0002 LAO LETTER SO TAM
v 0E8D 082E 0200 0020 0002 LAO LETTER NYO
© 0E94 0830 0200 0020 0002 LAO LETTER DO
© 0E95 0832 0200 0020 0002 LAO LETTER TO
R 0E96 0834 0200 0020 0002 LAO LETTER THO SUNG
0 0E97 0836 0200 0020 0002 LAO LETTER THO TAM
J 0E99 0838 0200 0020 0002 LAO LETTER NO
v 0E9A 083A 0200 0020 0002 LAO LETTER BO
U 0E9B 083C 0200 0020 0002 LAO LETTER PO
W]
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0E9C 083E 0200 0020 0002 LAO LETTER PHO SUNG
t 0E9D 0840 0200 0020 0002 LAO LETTER FO TAM
d 0E9E 0842 0200 0020 0002 LAO LETTER PHO TAM
u O0E9F 0844 0200 0020 0002 LAO LETTER FO SUNG
L OEA1 0846 0200 0020 0002 LAO LETTER MO
¢ OEA2 0848 0200 0020 0002 LAO LETTER YO
S OEA3 084A 0200 0020 0002 LAO LETTER LO LING
) OEA5 084E 0200 0020 0002 LAO LETTER LO LOOT
o OEA7 0850 0200 0020 0002 LAO LETTER WO
o OEAB 0852 0200 0020 0002 LAO LETTER HO SUNG
n LAO LETTER HO SUNG +
= OEAB+0EBC 0866 0200 0020 0002 | LAO SEMIVOWEL SIGN LO
2 OEAD 086A 0200 0020 0002 LAO LETTER O
S OEAE 086C 0200 0020 0002 LAO LETTER HO TAM
o O0EDC 0870 0200 0020 0002 LAO LETTER HO NO
al OEDD 0872 0200 0020 0002 | LAO LETTER HO MO

< Vowels>

i 0EBO 0000 0202 0020 0002 LAO VOWEL SIGN A
" 0EB2 0000 0206 0020 0002 LAO VOWEL SIGN AA
OEB4 0000 0208 0020 0002 LAO VOWEL SIGN |
0EB5 0000 020A 0020 0002 LAO VOWEL SIGN I
0OEB6 0000 020C 0020 0002 LAO VOWEL SIGN Y
Py
Y 0EB7 0000 0210 0020 0002 LAO VOWEL SIGN YY
5 O0EB8 0000 0212 0020 0002 LAO VOWEL SIGN U
§ 0EB9 0000 0214 0020 0002 LAO VOWEL SIGN UU
: 0ECO 0000 0216 0020 0002 LAO VOWEL SIGN
. 0EC1 0000 0222 0020 0002 LAO VOWEL SIGN ElI
T 0EC2 0000 0224 0020 0002 LAO VOWEL SIGN O
OECD 0000 022C 0020 0002 LAO NIGGAHITA
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0EC4 0000 0246 0020 0002 LAO VOWEL SIGN Al

0EC3 0000 0248 0020 0002 LAO VOWEL SIGN AY
“ 0EB1 0000 024A 0020 0002 LAO VOWEL SIGN MAI KAN
~ OEBB 0000 024C 0020 0002 LAO VOWEL SIGN MAI KON
I OEBD 0000 0250 0020 0002 | LAO SEMI VOWEL SIGN NYO
0 LAO LETTER WO

OEA7 0000 0252 0020 0002
2 OEAD 0000 0254 0020 0002 LAO LETTER O

< Consonantal>
7 0OE81 0000 0000 0022 0002 LAO LETTER KO
) OE87 0000 0000 0024 0002 LAO LETTER NGO
i OE88 0000 0000 0026 0002 LAO LETTER CO
s 0EAA 0000 0000 0028 0002 LAO LETTER SO SUNG
2 OESA 0000 0000 002A 0002 LAO LETTER SO TAM
v OE8D 0000 0000 002C 0002 LAO LETTER NYO
© 0E94 0000 0000 002E 0002 LAO LETTER DO
J 0E99 0000 0000 0030 0002 LAO LETTER NO
v 0E9A 0000 0000 0032 0002 LAO LETTER BO
0 OE9E 0000 0000 0034 0002 LAO LETTER PHO TAM
U OE9F 0000 0000 0036 0002 LAO LETTER FO SUNG
L OEA1 0000 0000 0038 0002 LAO LETTER MO
) OEA5 0000 0000 003A 0002 LAO LETTER LO LOOT
o OEA7 0000 0000 003C 0002 LAO LETTER WO
€ Tone Marks=>

OEC8 0000 0000 0000 0004 LAO TONE MAI EK
“ 0EC9 0000 0000 0000 0006 LAO TONE MAI THO
OECA 0000 0000 0000 0008 LAO TONE TI

OECB 0000 0000 0000 0008 LAO TONE MAI CATAWA
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< Numerals>

° 0EDO 0700 0200 0020 0002 LAO DIGIT ZERO
® 0ED1 0702 0200 0020 0002 LAO DIGIT ONE
¢ 0ED2 0704 0200 0020 0002 LAO DIGIT TWO
9 0ED3 0706 0200 0020 0002 LAO DIGIT THREE
G OED4 0708 0200 0020 0002 LAO DIGIT FOUR
G OED5 070A 0200 0020 0002 LAO DIGIT FIVE
© OED6 070C 0200 0020 0002 LAO DIGIT SIX
d 0ED7 070E 0200 0020 0002 LAO DIGIT SEVEN
9 OEDS 0710 0200 0020 0002 LAO DIGIT EIGHT
W 0ED9 0712 0200 0020 0002 LAO DIGIT NINE
_ € Various Symbols=>

0ECC 0000 0000 0000 0000 MAIKALAN

J 0EC6 0000 0000 0000 0000 MAI'SUM

7 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
(JUEST gtk Nz tagnau Aumdh
na Hug neB8S N9
TONEU U Uiy neB8S nsmzﬂ
& P DALY JUNIY Ne(0Y N99L
8 Yo 89 NeEoE n29tau
tReumdo gauSucSsu iy N0 N9IIDOEUL
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Snuaaw 4 NEL0IENTKC) tfiosan
(5uUs9 NINEUI0 g (o tw
108 g pdases TS tfowa
ncialo 1o INtuu N9 gl
NEwe HU200 NINEUI0 s
(09 Al N9§929YU (Houndo
meﬁﬁaeu ﬁ%gejccaﬁ'o NI IOIN nog
tTia (So950n090Y na Nnog
ne tagnau 5 N9 nosfung
19 nenya 19 teginlo
N9 g9 Fiasi tndaulo
ABu NNV NN 18017
N9 O8N UL Al (79
nSen tHoI9N nSe (Ha
e (o tw feon (So950n090Y
f90n%s N2JIVOLUL 90078 5
fiasiu INN=dOTH NNa9Y (So950a09L
na) NN na Soudu
n& ne3§w tHoya gauSuigeuin
NNRIY gt $213) L
tFioya nogy tHon o (Jusay
8 Py nosJuay cj'ﬁun'Jo (JUESTY
$413) 18057 tRuwag hnedioBgu
neB8SU NeL0Y 0 Nty TN U
Lj'ﬁzm'Jo ndauilo Lcﬁaymnchijc ﬁOU]BUJlJJ’]‘]lJ
EN2UALEI AU 35 Uouey a9
Fouey ng9tau | N Snoaay
M gheenwoil e §un
(Hon 7o ey R
cﬁu»wﬂ%;‘ ) Sun ﬁj’lﬁ%‘] 8 pdnned
NeBIU (899300094 ?fﬁig. g)szﬁ’ﬂgeg
ey Sourdu Nu8aTy S PUICNL
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Neittle

a)J*jonmm

ghesnwol

&]ﬂEE?J’IZJ

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

Sample Input Sample Output
Suesy & Nz tagnau tndaulo
N9 Aug ned8Sy n8onu
TN U Ui neBH8S Hugiuua
8 PUaaw ON= pUNIW NEOIENEL0 gt
8 pues 89 g nnea
tReumdo gauSucSsu i NeC) Ay
Snmany 4 N fﬁn§ﬁ
(Susag NINEUI0 NeUOY 1>
gl g pdases na ﬁ?gfh
nciialo 1o INtuu NINEUI0 NUL00
NeUe HU200 nagIgeU Fu2THh
tfiowa Humiin N9 tO&n g}
nﬂéﬁaeu NI9Lua0 N B
330 (So950n090Y N9 nog
Nz tagnau 5 N9 nog
na nenya NaENL nogduag
na e Fiasi nenya
Aty NN Aty ne9siu
N9 O8N HuduL9 e n29tau
nSen tHoI9n feon NYYVDOL UL
feen (ot 90078 (So950n09Y
f90als N2YIVOLUL NN 0
aLbeSY Innednieu na (629500090
na) NN (HOI9N Soudu
n& ne9iu (ot gauSuigeuin
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19

N9y (HoLa U
tFioya nog) tHeumdo (JUS9Y
8 ey noguag tHioua (JUESY
%413 8o %113 hnedioDgu
neH3S NEEOE cﬁamjo nOU]%ﬁUJlJ
cﬁu:ﬁJo tndauio cﬁun'lp 0N JUNI
ENOUNCEI AU (9 (Howag k)
Touey n29tau tHa Snmaav
N é’nasmgoﬁg (Ha Sun
LﬁU:ﬁJa 119 6D INCUU 8 P99
cﬁziwﬂg% ) Sun I;Lﬁ%iJﬂ[;&IﬂiJE ngjﬂ‘nm
NeBRIU (899300094 Uouey g)szﬁﬂsaj
ey Sourdu ﬁ%ggjué’o 8 PO
NEEOE nekialo 8 o
aﬁﬁnnsﬁ ghaonwod]
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.
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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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6. Mongolian

Mongolian is an Altaic language spoken in Mongolia, China and Russian Federation. Today about
8 million people in the world speak Mongolian. Most of that are approximately 2.7 million in
Mongolia and 3.38 million in Inner Mongolia in China [37, 38]. Khalkha or Halha dialects of

Mongolian is the national language of Mongolia [37].

6.1. Writing System

Mongolian has shown a varied history of writing. Early Mongolian was written in a script adapted
from Old Sogdo-Uighur script in early thirteenth century. As Mongolian derived from Uighur script
which originated from Aramaic script (of Semitic origin), it was initially written in a right-to-left
direction. However, later the system was rotated by 90 degrees counter clockwise and currently
the script is written in top down direction from left-top-right, a unique feature of this script [39].
However, over next two centuries Chinese, Arabic and Tibetan scripts were also used to write the
language. In 1930's Cyrillic script was increasingly used, and on 1* Jan, 1946 it was formally
adopted by the Mongolian government. It is still being used to write Mongolian language in
Mongolia. There have been attempts to restore Traditional Mongolian script, e.g. by the
government in 1994 [39]. Though currently both scripts are used in Mongolia, Cyrillic use is more
widespread. Traditional Mongolian script is mostly being used in Inner Mongolia in China to write
Mongolian. The Cyrillic and Traditional Mongolian scripts do not have clear correspondence.

The current work is focused on the collation of Mongolian language using Cyrillic script.

6.1.1. Character Set

Cyrillic script has been derived from Greek script and has been traditionally used to write Slavic
languages, including Russian. The Mongolian character set is slightly modified Cyrillic alphabet
by adding two vowels such as (e, y). Each character has a capital and a small letter (shown in
figure below) and it uses the numerals 0, 1, 2, 3..., 9.
ABBITOEEX3VWUWKNMHO®©TM
PCTYYdoXU4YWUWDBb b3 KA
Capital Letters

abBrpeé Xx3smMmmnkKknmHoO®e®RN
pcTyydXuywiwbsbb b3 WA

Small Letters

Figure 6.1. Mongolian Character Set in Cyrillic Script



Mongolian

6.1.2. Script Details

Cyrillic is written from left to right. Words are separated by spaces and letters are cased as capital

and small letters.

6.1.2.1. Case

In Mongolian, all the characters have upper and lower case variants, with the exception of
Palochka [4]. For example Cyrillic letter Zhe has the upper case form X (U+0416) and the lower
case form x (U+0436). The characters with upper case are sorted before the ones with lower

case.

6.2. Collation

Mongolian uses the conventional ordering of Cyrillic script and the three levels of collation
associated with it. Numerals and letters are sorted at primary level, diacritics are sorted at

secondary level, and case is handled at the tertiary level.
6.2.1. Text Processing

6.2.1.1. Normalization

Mongolian has few characters which can be encoded in multiple ways using Unicode. This is
possible due to separate encoding of some marks in addition to encoding of composite forms.

Some examples are shown in Table 6.1. below.

Table 6.1. Examples of Normalization in Mongolian using Cyrillic Script

Decomposed Unicodes of Equivalent Unicode of
P Decomposed Composed Composed
Form
Form Form Form
= 0415 0308 E 0401
e” 0435 0308 & 0451
n” 0418 0306 n 0419

6.2.2. Unicode Collation Elements

Following collation elements give correct ordering of Mongolian script. The results are based on

the order of words given in [40].

www.PANL10N.net 79



A Study on Collation of Language from Developing Asia

Table 6.2. Collation Elements for Mongolian Language Using Cyrillic Script

Glyph Unicode Collation Elements Unicode Name
< Numerals 2>
0 0030 00A0 0020 0002 DIGIT ZERO
1 0031 00A1 0020 0002 DIGIT ONE
2 0032 00A2 0020 0002 DIGIT TWO
3 0033 00A3 0020 0002 DIGIT THREE
4 0034 00A4 0020 0002 DIGIT FOUR
5 0035 00A5 0020 0002 DIGIT FIVE
6 0036 00A6 0020 0002 DIGIT SIX
7 0037 00A7 0020 0002 DIGIT SEVEN
8 0038 00A8 0020 0002 DIGIT EIGHT
9 0039 00A9 0020 0002 DIGIT NINE
<Consonants and Vowels>

A 0410 0E29 0020 0002 CYRILLIC CAPITAL LETTER A
a 0430 0E29 0020 0008 CYRILLIC SMALL LETTER A
b 0411 OE2A 0020 0002 CYRILLIC CAPITAL LETTER BE
9] 0431 0E2A 0020 0008 CYRILLIC SMALL LETTER BE
B 0412 OE2B 0020 0002 CYRILLIC CAPITAL LETTER VE
B 0432 OE2B 0020 0008 CYRILLIC SMALL LETTER VE
r 0413 OE2C 0020 0002 CYRILLIC CAPITAL LETTER GHE
r 0433 OE2C 0020 0008 CYRILLIC SMALL LETTER GHE
a 0414 OE2D 0020 0002 CYRILLIC CAPITAL LETTER DE
a 0434 OE2D 0020 0008 CYRILLIC SMALL LETTER DE
E 0415 OE2E 0020 0002 CYRILLIC CAPITAL LETTER IE
e 0435 OE2E 0020 0008 CYRILLIC SMALL LETTER IE
E 0401 OE2F 0020 0002 CYRILLIC CAPITAL LETTER 1O
E” 0415 0308 OE2F 0020 0002 CYRILLIC CAPITAL LETTER 10
é 0451 OE2F 0020 0008 CYRILLIC SMALL LETTER 10
€ 0435 0308 OE2F 0020 0008 CYRILLIC SMALL LETTER 10
X 0416 OE30 0020 0002 CYRILLIC CAPITAL LETTER ZHE
X 0436 OE30 0020 0008 CYRILLIC SMALL LETTER ZHE
3 0417 OE31 0020 0002 CYRILLIC CAPITAL LETTER ZE
3 0437 OE31 0020 0008 CYRILLIC SMALL LETTER ZE
n 0418 O0E32 0020 0002 CYRILLIC CAPITAL LETTERII
Z 0438 OE32 0020 0008 CYRILLIC SMALL LETTERI|
N 0419 OE33 0020 0002 CYRILLIC CAPITAL LETTER SHORT |
n 0418 0306 0E33 0020 0002 CYRILLIC CAPITAL LETTER SHORT |
7 0439 OE33 0020 0008 CYRILLIC SMALL LETTER SHORT |
w 0438 0306 OE33 0020 0008 CYRILLIC SMALL LETTER SHORT |
K 041A 0E34 0020 0002 CYRILLIC CAPITAL LETTER KA
K 043A O0E34 0020 0008 CYRILLIC SMALL LETTER KA
Jl 041B OE35 0020 0002 CYRILLIC CAPITAL LETTER EL
n 043B OE35 0020 0008 CYRILLIC SMALL LETTER EL
M 041C OE36 0020 0002 CYRILLIC CAPITAL LETTER EM
M 043C OE36 0020 0008 CYRILLIC SMALL LETTER EM

80

www.PANL10N.net




Mongolian

H 041D 0E37 0020 0002 CYRILLIC CAPITAL LETTER EN

H 043D 0E37 0020 0008 CYRILLIC SMALL LETTER EN

0 041E 0E38 0020 0002 CYRILLIC CAPITAL LETTER O

0 043E 0E38 0020 0008 CYRILLIC SMALL LETTER O

2} 04E8 0E39 0020 0002 CYRILLIC CAPITAL LETTER BARRED O

e 04E9 0E39 0020 0008 CYRILLIC SMALL LETTER BARRED O

M 041F OE3A 0020 0002 CYRILLIC CAPITAL LETTER PE

n 043F OE3A 0020 0008 CYRILLIC SMALL LETTER PE

P 0420 OE3B 0020 0002 CYRILLIC CAPITAL LETTER ER

p 0440 OE3B 0020 0008 CYRILLIC SMALL LETTER ER

C 0421 OE3C 0020 0002 CYRILLIC CAPITAL LETTER ES

c 0441 OE3C 0020 0008 CYRILLIC SMALL LETTER ES

T 0422 OE3E 0020 0002 CYRILLIC CAPITAL LETTER TE

T 0442 OE3E 0020 0008 CYRILLIC SMALL LETTER TE

y 0423 1350 0020 0002 CYRILLIC CAPITAL LETTER U

y 0443 1350 0020 0008 CYRILLIC SMALL LETTER U

Y 04AE 1353 0020 0002 CYRILLIC CAPITAL LETTER STRAIGHT U

y 04AF 1353 0020 0008 CYRILLIC SMALL LETTER STRAIGHT U

o) 0424 1356 0020 0002 CYRILLIC CAPITAL LETTER EF

b 0444 1356 0020 0008 CYRILLIC SMALL LETTER EF

X 0425 1359 0020 0002 CYRILLIC CAPITAL LETTER HA

X 0445 1359 0020 0008 CYRILLIC SMALL LETTER HA

L 0426 135C 0020 0002 CYRILLIC CAPITAL LETTER TSE

U 0446 135C 0020 0008 CYRILLIC SMALL LETTER TSE

Y 0427 135F 0020 0002 CYRILLIC CAPITAL LETTER CHE

Y 0447 135F 0020 0008 CYRILLIC SMALL LETTER CHE

w 0428 1360 0020 0002 CYRILLIC CAPITAL LETTER SHA

L 0448 1360 0020 0008 CYRILLIC SMALL LETTER SHA

m 0429 1363 0020 0002 CYRILLIC CAPITAL LETTER SHCHA

i 0449 1363 0020 0008 CYRILLIC SMALL LETTER SHCHA

b 042A 1366 0020 0002 CYRILLIC CAPITAL LETTER HARD SIGN

b 044A 1366 0020 0008 CYRILLIC SMALL LETTER HARD SIGN

bl 042B 1369 0020 0002 CYRILLIC CAPITAL LETTER YERU

bl 044B 1369 0020 0008 CYRILLIC SMALL LETTER YERU

b 042C 136C 0020 0002 CYRILLIC CAPITAL LETTER SOFT SIGN

b 044C 136C 0020 0008 CYRILLIC SMALL LETTER SOFT SIGN

) 042D 136F 0020 0002 CYRILLIC CAPITAL LETTERE

3 044D 136F 0020 0008 CYRILLIC SMALL LETTER E

7o) 042E 1370 0020 0002 CYRILLIC CAPITAL LETTER YU

10 044E 1370 0020 0008 CYRILLIC SMALL LETTER YU

a 042F 1373 0020 0002 CYRILLIC CAPITAL LETTER YA

5 044F 1373 0020 0008 CYRILLIC SMALL LETTER YA
6.2.3. Results

Table 6.3. shows output obtained by sorting a sample input using the collation elements given in

Table 6.2.
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Table 6.3. Input and Corresponding Sorted Output for Mongolian

Input Output
Avion Masr Aarum écnory
raHy Kaup aarum éct
By4 Ecroi AarTai Ecron
Ban aaXyy Aartaii Ecron
63n ur aartau écton
Aarum aartamn aartamn écTom
raHxa 70 aaXyy ur
TonH eree aaxyy 70
rog Aartan Ban KabuH
écrton LlyHx 03n Kanp
[3303X Apmn Oyy Masr
aarTamn MeTp raHxa MeTp
As33p Toxrop raHy, Toxrop
écToM aarum rog TolH
KabuH aaxyy 03303X LlyHx
AarTan elEE 033p Uyua
écnory Ecrton elEE SAnoH
écnory Uyua eree Apn
éct écnory

6.3. Conclusion

Mongolian is a simple case of collation. It is very similar to that of other Latin and Cyrillic based
languages. Letters are sorted at primary level, marks are sorted at secondary level and case is
sorted at tertiary level. There are no exceptions to this process. Some pre-processing is required
before collation can be done to normalize multiple encodings.
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7. Sindhi

Sindhi is an Indo-Aryan language spoken by 18.5 million people in Pakistan and 2.8 million
people in India. It is a state language in both countries [41]. Sindhi is written using extended
Arabic script in Naskh style in Pakistan and in Devanagari Script in India. Current work is based

on the Arabic script based system.

7.1. Writing System

7.1.1. Character Set

Sindhi character set, based on Perso-Arabic writing system, was introduced around 1852 [42]. It
is written from right-to-left and introduces additional characters to cater to additional features of
Sindhi language. Sindhi character set has 52 letters representing the consonants and long

vowels. These are listed in Figure 7.1.

s s 4 50

Figure 7.1. Sindhi Character Set

Short vowels and some additional vocalic and consonantal features are also represented through
diacritical marks in Sindhi [43]. These are listed in Figure 7.2. The diacritics (also known as
aerab) are optionally used in writing. Native speakers use their inherent knowledge of the

language to determine the pronunciation when the diacritical vowel marking are missing.

w | z ° 2 -
Figure 7.2. Sindhi Diacritics

Sindhi also has honorific marks which are used to show respect, and are used with proper

names. These honorifics are shown in Figure 7.3.

=

1
sl Lo
L O )

B e

R

Figure 7.3. Honorific Marks in Sindhi

Sindhi has its own set of numerals based on numerals used in Arabic, Persian and Urdu. These

numerals are listed in Figure 7.4.
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T AY £ 6 F Y Y Y
Figure 7.4. Sindhi Numerals

7.1.2. Bidirectionality

Sindhi inherits the bidirectional property from Arabic script. Sindhi words are written from right to
left but numbers are written from right to left, as shown in Figure 7.5. However, bidirectionality is
handled at rendering level and key press sequence for Sindhi alphanumeric input is same as it
would be for any other uni-directional language. Thus bidirectionality has no implication on
collation.

K YY 5 shi

— —> —
Figure 7.5. Bidirectional Sindhi Text

(Arrows indicate reading direction)

7.1.3. Cursiveness, Ligation and Context Sensitive Glyph Shaping

Arabic script is cursive, that is, the letters in the script join together into units to form words.
These connected units are called ligatures. There are two kinds of characters, joiners and non-
joiners. While writing a word, all characters join together until a non-joiner is written. A new
ligature starts after the non-joiner (thus, the name “non-joiner”). The process is repeated until the
end of the word. In addition, depending on whether the character joins a ligature in the initial,
medial or final position, or is unconnected, it takes a different shape. Cursiveness is shown in
Figure 7.6.

-

L;J.L.u
Cursively Written Form
SA0
Spelling

Figure 7.6. Spelt-out and Cursive Version of Sample Text of Sindhi

Again, cursiveness, ligation and context sensitivity are rendering related issues and the though

the output shapes of characters may vary with context, their internal encoding remains
unchanged. For example, the letter <« may take multiple shapes but its internal encoding is

always U+0628. Therefore, these properties have no implication on collation.
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7.2. Collation

Sindhi collation sequence has been standardized and published by Sindhi Language Authority for
Pakistan. The collation requires the characters to be sorted at three levels, letters, Aerab and
honorifics. However, before the text can be sorted, it has to undergo text processing, as
discussed in the next sub-section. Once the text is processed and collation elements are

assigned, the regular sort-key generation and comparison process sorts the text.
7.2.1. Text Processing

7.2.1.1. Inconsistent Use of Space

Naskh style of writing does not have a strong concept of space to separate words. Similar to
South-East Asian scripts like Lao, Thai and Khmer, Sindhi readers are expected to parse the
ligatures into words as they read along the text. This has implications on collation and thus
proper word segmentation must be done before strings are collated. Currently there are no
automatic word segmentation utilities available for Sindhi and therefore the input for collation

must be manually cleaned.

7.2.1.2. Normalization

Two kinds of normalization are required for Sindhi. First, a letter may be represented by multiple
Unicode points, and thus the redundancy in encoding has to be cleaned in raw text before further
processing. For example, letter ¢ may be represented by Unicode points U+0649, U+064A, and

U+06CC in Sindhi. Second, a letter or a ligature is sometimes encoded in composed form as well
as decomposed form. Thus, the two equivalent representations must also be reduced to same

underlying form before further processing. Table 7.1 below gives an example.

Table 7.1. Composed and Decomposed Forms of a Sindhi Ligature

Ligature Glyph | Unicode | Individual letters/marks | Unicode Points

Y FEFB \ J 0627 06F1

There are many such ligatures which can be represented in multiple ways. Many are not
recommended by the Unicode standard, but users still use them due to the similarity of glyphs.
An example is using Arabic digits for Sindhi language (U+0660 — U+0669), where a separate

similar looking set is also encoded (U+06F0 — U+06F9) for use of Arabic language.

www.PANL10N.net 85



A Study on Collation of Language from Developing Asia

7.2.1.3. Contraction

In Sindhi character # (U+06BE or U+0647") combines with two letters z and Sto represent their

aspirated versions. Though the constituents are encoded separately, they combine to give a

singular character with a single collation element. Thus, these combinations have to be
contracted before collation elements are assigned. Some examples of these contractions are
given in Figure 7.7.
“asa+z
L=a+LKL
Figure 7.7. Contraction of Letters with % in Sindhi

There is no Unicode point available to directly encode the contracted form for the aspirated

versions shown in the figure.

7.2.2. Unicode Collation Elements

Collation Elements for Sindhi character set are given in Table 7.2 below. These are based on

[44]. Also see [6] for additional background information.

Table 7.2. Sindhi Collation Elements

Glyph Unicode glzlrl;;’léinotrs‘ Unicode Name
€< Numerals =
. 06F0 0E29 0020 0002 ARABIC-INDIC DIGIT ZERO
\ 06F1 0E2A 0020 0002 ARABIC-INDIC DIGIT ONE
Y 06F2 0E2B 0020 0002 ARABIC-INDIC DIGIT TWO
Y 06F3 OE2C 0020 0002 ARABIC-INDIC DIGIT THREE
Y 06F4 OE2D 0020 0002 ARABIC-INDIC DIGIT FOUR
o 06F5 OE2E 0020 0002 ARABIC-INDIC DIGIT FIVE
4 06F6 OE2F 0020 0002 ARABIC-INDIC DIGIT SIX
N 06F7 0E30 0020 0002 ARABIC-INDIC DIGIT SEVEN
A 06F8 0E31 0020 0002 ARABIC-INDIC DIGIT EIGHT
q 06F9 0E32 0020 0002 ARABIC-INDIC DIGIT NINE
< Consonants and Vowels 2>

| 0627 1350 0020 0002 ARABIC LETTER ALEF
[ 0628 1353 0020 0002 ARABIC LETTER BEH
K 067B 1356 0020 0002 ARABIC LETTER BEEH
< 0680 1359 0020 0002 ARABIC LETTER BEHEH

! Not recommended for use for Sindhi.
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& 062A 135C 0020 0002 ARABIC LETTER TEH

& 067F 135F 0020 0002 ARABIC LETTER TEHEH

o 067D 1360 0020 0002 | ARABIC LETTER ET)EN Vr\\lllvTvi I'?I'II;SREE DOTS ABOVE
& 067A 1363 0020 0002 ARABIC LETTER TTEHEH

& 0628 1366 0020 0002 ARABIC LETTER THEH

< 067E 1369 0020 0002 ARABIC LETTER PEH

& 06A6 136C 0020 0002 ARABIC LETTER PEHEH

z 062C 136F 0020 0002 ARABIC LETTER JEEM

z 0684 1370 0020 0002 ARABIC LETTER DYEH

+

4 | 062C O6BE | 137300200002 | ARABIC LETTERDJOECEHI\AAS :Séglc LETTER HEH
z 0683 1376 0020 0002 ARABIC LETTER NYEH

z 0686 1379 0020 0002 ARABIC LETTER TCHEH

z 0687 137C 0020 0002 ARABIC LETTER TCHEHEH

c 062D 137F 0020 0002 ARABIC LETTER HAH

¢ 062E 1380 0020 0002 ARABIC LETTER KHAH

2 062F 1383 0020 0002 ARABIC LETTER DAL

3 068C 1386 0020 0002 ARABIC LETTER DAHAL

{ 068F 1389 0020 0002 | ARABIC LETTER D[% V\(/vl\llwATRl-éREE DOTS ABOVE
2 068A 138C 0020 0002 ARABIC LETTER DAL WITH DOT BELOW

2 068D 138F 0020 0002 ARABIC LETTER DDAHAL

A 0630 1390 0020 0002 ARABIC LETTER THAL

B 0631 1393 0020 0002 ARABIC LETTER REH

3 0699 1396 0020 0002 | ARABIC LETTER REH WITH FOUR DOTS ABOVE
) 0632 1399 0020 0002 ARABIC LETTER ZAIN

o 0633 139C 0020 0002 ARABIC LETTER SEEN

o 0634 139F 0020 0002 ARABIC LETTER SHEEN
ua 0635 13A0 0020 0002 ARABIC LETTER SAD
Ua 0636 13A3 0020 0002 ARABIC LETTER DAD

L 0637 13A6 0020 0002 ARABIC LETTER TAH

L 0638 13A9 0020 0002 ARABIC LETTER ZAH

¢ 0639 13AC 0020 0002 ARABIC LETTER AIN

¢ 063A 13AF 0020 0002 ARABIC LETTER GHAIN

q 0641 13B0 0020 0002 ARABIC LETTER FEH

k) 0642 13B3 0020 0002 ARABIC LETTER QAF

& 06AA 13B6 0020 0002 ARABIC LETTER SWASH KAF

< 06A9 13B9 0020 0002 ARABIC LETTER KEHEH

K 06AF 13BC 0020 0002 ARABIC LETTER GAF
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&5 06B3 13BF 0020 0002 ARABIC LETTER GUEH
¢ ARABIC LETTER GAF + ARABIC LETTER HEH
45. 06AF 06BE | 13CO0 0020 0002 DOCHASHMEE
S 06B1 13C3 0020 0002 ARABIC LETTER NGOEH
J 0644 13C6 0020 0002 ARABIC LETTER LAM
e 0645 13C9 0020 0002 ARABIC LETTER MEEM
J 0646 13CC 0020 0002 ARABIC LETTER NOON
LJ'} 06BB 13CF 0020 0002 ARABIC LETTER RNOON
9 0648 13D0 0020 0002 ARABIC LETTER WAW
5 06C1 13D3 0020 0002 ARABIC LETTER HEH GOAL
A 06BE 13D6 0020 0002 ARABIC LETTER HEH DOCHASHMEE
I3 0621 13D9 0020 0002 ARABIC LETTER HAMZA
s 06CC 13DC 0020 0002 ARABIC LETTER FARSI YEH
<Diacritics 2
& 0652 0000 00C4 0002 ARABIC SUKUN
064E 0000 00C9 0002 ARABIC FATHA
- 0650 0000 00CA 0002 ARABIC KASRA
064F 0000 00CB 0002 ARABIC DAMMA
0670 0000 00CD 0002 ARABIC LETTER SUPERSCRIPT ALEF
E.-‘f-.z 0651 0000 00ES 0002 ARABIC SHADDA
€ Honorifics and Special Signs =
z 0610 0000 0000 000A | ARABIC SIGN SALLALLAHOU ALAYHWASSALLAM
T 0611 0000 0000 001A ARABIC SIGN ALAYHE ASSALLAM
P’ 0613 0000 0000 002A ARABIC SIGN RADI ALLAHOU ANHU
"* 0612 0000 0000 003A ARABIC SIGN RAHMATULLAH ALAYHE
€ Punctuation Marks (Ignorable) =
= 0615 0000 0000 0000 ARABIC SMALL HIGH TAH
. 060C 0000 0000 0000 ARABIC COMMA
i 060D 0000 0000 0000 ARABIC DATE SEPARATOR
\ 066B 0000 0000 0000 ARABIC DECIMAL SEPARATOR
, 066C 0000 0000 0000 ARABIC THOUSANDS SEPARATOR
< 061F 0000 0000 0000 ARABIC QUESTION MARK
£ 061B 0000 0000 0000 ARABIC SEMICOLON
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- 06D4 0000 0000 0000 ARABIC FULL STOP
'/. 066A 0000 0000 0000 ARABIC PERCENT SIGN
[13AB 0020
N, FEEB 0002],[ 1350 ARABIC LIGATURE Légl\él\\leITH ALEF ISOLATED
0020 0002]
[13AB 0020
0002], [13AB
N 0020 0002],
i FDF2 [13AB 0020 ARABIC LIGATURE ALLAH
0002],[ 13D3
0020 0002]

Results

The sorting performed using the collation elements given results in the following sequence.

Table 7.3. Input and Corresponding Sorted Output for Sindhi

Sample Output Sample Input

. 2 G Ll s 9 & abl
6—.1-1') Sl o 39 S9p
JEIW &3l &l 3 0
o 5 b By
98 9 pres Oldgh
9P 9 e wswolac
P 5l 9 &l = Uioind

e s 8 & > Jgol
Olosh N $isl> s
wwlbac 5> sipdl> o5
AV WL 95 95 580!
& bl 9 ;@5 | 8
Jgol & = 293 9SS
sls & > ol3 S
¥ls s> ol3 oV
LS siusl> Cls " 3]
N o 0,
VS R 22 ol
Y 95 22 LD
oSJ ol3 oo iy
&, ol3 vl & Ll
olg s’ Sbw &5
b i :
Py > 9rbw 5
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0

PRM]

7.3. Conclusion

Sorting in Sindhi is carried out at three different levels. Letters are sorted at primary level,
diacritics are handled at secondary level, and honorifics are handled at tertiary level.
Normalization and contraction are also required for Sindhi collation. However, regular sorting
algorithm is applicable after appropriate text processing is done and collation elements are

assigned.
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8. Sinhala

Sinhala is an Indo-Aryan language, spoken in Sri Lanka by about 13 million people, and also
known as Sinhalese and Singhalese [45]. Sinhala is the one of the national languages of Sri
Lanka. It has a significantly different written and spoken form, with literary form influenced by
Sanskrit [46, 18].

Sinhala script is a descendant of Brahmi script and was formed between 7" -8"

century [18] and
has a syllabic writing system, like other Indic scripts. However, the system is unique because it
has distinct rounded forms with no top-line, similar to South Indian scripts, latter used to write

Dravidian languages.

8.1. Writing System

8.1.1. Character Set

Though various sources list slightly different number of consonants and vowels (e.g. [5, 47, 18],
49, 50, 51]), a latest work on Sinhala collation [48] fixes the count at 41 consonants, 18 vowels, 2
semi-consonants and symbols for dependent vowels. The dependent vowels are known as
vowel-strokes or Pili in Sinhala. Multiple letters may be used to represent some of these sounds
[48] and thus the total number of letters include 35 symbols for consonants, 6 symbols for nasal
consonants, and 18 symbols for independent vowels and 17 symbols for dependent vowels (as a
dependent vowel is inherent and does not require an explicit symbol) [5, 51]. These are shown in
Figures 8.1 and 8.2.

& @ o @& 9 8 ¢ Cco wa va © w0 O & o0d @ ® Qe
Independent Vowels )
Do i U 220 Lot taa e 9 @ QU QoL 0L e
@i
Dependent Vowels

Figure 8.1. Sinhala Vowels [47]

® ® 80 ® O 8 & W e & 0 W QD e 0 »
W ¢ v 0 @ »w ® ® o« 0 vr 8 Y L O

Figure 8.2. Sinhala Consonants [47]
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Other than consonants and vowels there are some special characters or modifiers including

Virama (also called Al-Lakuna), Visarga and Anusvara, given in Table 8.1.

Table 8.1. Special Marks in Sinhala

Name Glyph Usage
Virama / Al-Lakuna * 2
Anusvara o 2o
Visarga S 8

Al-Lakuna is discussed in the section below. The Aanusvara and Visarga are semi-consonants
and can occur only with vowels [48]. Anusvara is used for nasalization and also to indicate the

actual [n] sound at the end of a syllable [5]. Visarga is used for aspiration of vowels.

Sinhala does not have its own set of numerals and 0, 1, 2... 9 are used.

8.1.2. Script Details

Sinhala is written from left to right. Letters are uncased and are grouped based on their place and
manner of articulation, like other Indic scripts. Traditionally space was not used, and only a
special punctuation mark Kunddaliya (w» U+0DF4) was employed at the end of paragraph. Now

spaces are used with European punctuation [5].

8.1.2.1. Consonants and Vowels

Sinhala has a syllabic writing system like other Indic based languages. Vowels and consonants
are not represented as an individual unit like Latin script rather as syllabic units in which

consonant has an inherent [a/s] vowel, if not otherwise specified. For example Sinhala Letter
Alpapraana kayanna @ has [ka/ks] sound. In case the consonant is to be articulated without a

vowel sound, e.g. in a cluster or at the end of a word, Al-Lakuna is placed at top right of the

consonant to cancel the [a] sound. So =¥ has [k] sound.

Independent vowels are used for syllables which do not have an onset consonant and thus start
with a vowel. For all syllables which have an onset consonant, dependent vowels attach with this
consonant. If the consonant is followed by a vocalic sound different from [a], the appropriate
dependent vowel mark is attached before, after, above or below the consonant (though it always
logically follows the consonant). In some cases the vowel splits into two halves and is placed

around the consonant. Table 8.2 below shows these cases.
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Table 8.2. Dependent Vowels with the Consonant [K]

Consonant + ]
Joined Form Comment
Dependent Vowel
= + e oy Connects to the left of consonant
™+ i 7 Connects to the right of consonant
s + 0 o) Connects to the top of consonant
Connects to the base of consonant

»+ 5 =)

= + @l G9 Wraps around the consonant

Only one vowel can occur in a syllable, thus only a single dependent vowel can attach with a

consonant and the dependent vowels can not occur with independent vowels.

8.1.2.2. Conjunct Consonants and Consonantal Vowel Ligatures
Sinhala also forms conjunct consonants (known as bandi akuru). Unique combined shapes or
ligatures are formed when characters ¢ (or ‘ra’) and @ (or ‘ya’) combine with consonants or when

other consonants form a cluster within a syllable [51]. Two such examples are given in Table 8.3.

Table 8.3. Conjuncts in Sinhala [51]

Individual Letters Conjoined Form
»+Ft+0 D)
o g ) 78

8.2. Collation

Sinhala collation sequence, as followed by the dictionaries, is being standardized through Sri
Lankan authorities, and draft is already in consideration. This section elaborates on this collation

sequence for Sinhala and an algorithmic implementation using UCA [2].
In Sinhala all characters have primary level significance for collation purposes. The relative order

is also well defined: vowels, then semi-consonants and finally consonants [48]. However, before

collation can be applied, some text processing is required. These details are also given below.
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8.2.1. Text Processing

8.2.1.1. Reordering

As shown in Table 8.2 above, independent vowels combine with consonants in different ways. In
hand-written orthography, old type-writers and proprietary single byte Sinhala fonts, the vowels
that append to the left are written first followed by a consonant. The vowels that append to the
right, above or below are written after the consonant. However, the logical order in both cases is
the same, i.e. the consonant is followed by the vowel. The more recent font formats and fonts
follow the logical order of typing. However, for the legacy fonts, re-ordering will be required
before string comparisons can be performed for collation.

8.2.1.2. Normalization

Many Sinhala vowels are formed with two parts, one part attaching before and other after the
following consonant. These and some other dependent forms of vowels can be encoded in more
than one way in Unicode. As they are equivalent to each other for text processing, they have to
be equated or normalized into the same composed or decomposed form. Some examples are
illustrated in Table 8.4 below.

Table 8.4. Normalization in Sinhala

Decomopsed Unicodes of Equivalent Unicode of Composed
Composed
Form Decomposed Form Form
Form
& 0DDC + 0DCA e 0DDD
0DD9 + ODCF @i 0DDC
g 0DD9 + ODDF @il ODDE

8.2.1.3. Contraction

In case the encoding is being translated into decomposed form, contraction is needed for
assigning the collation elements, i.e. multiple character codes would map onto a single collation
element. This contraction for consonants and vowels is illustrated in Table 8.5.
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Table 8.5. Contraction to Single Collation Element from Multiple Unicodes

Unicodes of | Unicode of
Glyph Decomposed | Composed | Collation Element Unicode Name
Form Form
SINHALA VOWEL
iy iy = aa 0DD8 0DD8 ODF2 1410 0020 0002 SIGN DIGA GAETTA-
PILLA
P SINHALA VOWEL
R = 0DD9 ODCA ODDA
@i i = @i 141A 0020 0002 SIGN DIGA KOMBUVA
SINHALA VOWEL
e = end 0DDC DCA 0DDD 1420 0020 0002 SIGN KOMBUVA HAA
DIGA AELA-PILLA

8.2.1.4. Conjuncts

The formation of conjuncts causes visual changes but does not change input sequence logically.

Therefore it has no bearing on the collation process.

8.2.2. Unicode Collation Elements

In order to realize Sinhala collation the following collation elements need to be assigned. The

UCA algorithm proposed in [2] may be applied for sorting. The realized sequence is same as

recommended by [48, 49].

Table 8.6. Sinhala Collation Elements

Glyph Unicode glollation Unicode Name
ements
<Independent Vowels >

& 0D85 1356 0020 0002 SINHALA LETTER AYANNA
&o 0D86 1359 0020 0002 SINHALA LETTER AAYANNA
&t 0D87 135C 0020 0002 SINHALA LETTER AEYANNA
&z 0D88 135F 0020 0002 SINHALA LETTER AEEYANNA
o) 0D89 1360 0020 0002 SINHALA LETTER IYANNA
o) OD8A 1363 0020 0002 SINHALA LETTER IIYANNA
G 0D8B 1366 0020 0002 SINHALA LETTER UYANNA
o ob8C 1369 0020 0002 SINHALA LETTER UUYANNA
ea 0D8D 136C 0020 0002 SINHALA LETTER IRUYANNA
&%aa ODS8E 136F 0020 0002 SINHALA LETTER IRUUYANNA
e OD8F 1370 0020 0002 SINHALA LETTER ILUYANNA
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59 0D90 1373 0020 0002 SINHALA LETTER ILUUYANNA

o) 0D91 1376 0020 0002 SINHALA LETTER EYANNA

g 0D92 1379 0020 0002 SINHALA LETTER EEYANNA
e 0D93 137C 0020 0002 SINHALA LETTER AIYANNA

® 0D94 1380 0020 0002 SINHALA LETTER OYANNA

® 0D95 1383 0020 0002 SINHALA LETTER OOYANNA
QL) 0D96 1386 0020 0002 SINHALA LETTER AUYANNA

<Various Signs 2>
° 0D82 1389 0020 0002 SINHALA SIGN ANUSVARAYA
g 0D83 138C 0020 0002 SINHALA SIGN VISARGAYA
< Consonants 2>

2 0D9A 1390 0020 0002 SINHALA LETTER ALPAPRAANAKAYANNA
3 0D9B 1393 0020 0002 SINHALA LE-IEIA—\I\E(il\I\IAI\'IAA':'AAPRAANA

® oD9C 1396 0020 0002 SINHALA LETTER ALPAPRAANA GAYANNA
o) 0D9D 1399 0020 0002 SINHALA LETTER MAHAAPRAANA GAYANNA
& OD9E 139A 0020 0002 SINHALA LETTER KANTAJA NAASIKYAYA
& OD9F 139C 0020 0002 SINHALA LETTER SANYAKA GAYANNA

® O0DAO 13A0 0020 0002 SINHALA LETTER ALPAPRAANA CAYANNA
e O0DA1 13A3 0020 0002 SINHALA LETTER MAHAAPRAANA CAYANNA
25 ODA2 13A6 0020 0002 SINHALA LETTER MAHAAPRAANA JAYANNA
i~ O0DA3 13A9 0020 0002 SINHALA LETTER MAHAAPRAANA JAYANNA
(= 0DA4 13AC 0020 0002 SINHALA LETTER TAALUJA NAASIKYAYA

ODA5S 13AF 0020 0002 SINHALA LETTER TAALUJA

& SANYOOGA NAAKSIKYAYA

e 0DA6 13B0 0020 0002 SINHALA LETTER SANYAKA JAYANNA

Q ODA7Y 13B3 0020 0002 SINHALA LETTER ALPAPRAANA TTAYANNA
(o) ODA8 13B6 0020 0002 | SINHALA LETTER MAHAAPRAANA TTAYANNA
& 0DA9 13B9 0020 0002 SINHALA LETTER ALPAPRAANA DDAYANNA
ov) ODAA 13C0 0020 0002 SINHALA LETTER MAHAAPRAAN DDAYANNA
29 ODAB 13C3 0020 0002 SINHALA LETTER MUURDHAJA NAYANNA
() ODAC 13C6 0020 0002 SINHALA LETTER SANYAKA DDAYANNA
) ODAD 13C9 0020 0002 SINHALA LETTER ALPAPRAANA TAYANNA
®) ODAE 13CA 0020 0002 SINHALA LETTER MAHAAPRAANA TAYANNA
¢ ODAF 13CC 0020 0002 SINHALA LETTER ALPAPRAANA DAYANNA
@ 0DBO 13D0 0020 0002 SINHALA LETTER MAHAAPRAANA DAYANNA
) 0DB1 13D3 0020 0002 SINHALA LETTER DANTAJA NAYANNA

¢ 0DB3 13D6 0020 0002 SINHALA LETTER SANYAKA DAYANNA

(&) oDB4 13D9 0020 0002 SINHALA LETTER ALPAPRAANA PAYANNA
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[3) 0DB5 13DC 0020 0002 SINHALA LETTER MAHAAPRAANA PAYANNA
® 0DB6 13DF 0020 0002 SINHALA LETTER ALPAPRAANA BAYANNA
® 0DB7 13E0 0020 0002 SINHALA LETTER MAHAAPRAANA BAYANNA
® 0DB8 13E3 0020 0002 SINHALA LETTER MAYANNA
® 0DB9 13E6 0020 0002 SINHALA LETTER AMBA BAYANNA
o) ODBA 13E9 0020 0002 SINHALA LETTER YAYANNA
o 0DBB 13EA 0020 0002 SINHALA LETTER RAYANNA
G 0DBD 13EC 0020 0002 SINHALA LETTER DANTAJA LAYANNA
® 0DCO 13EF 0020 0002 SINHALA LETTER VAYANNA
@ 0DC1 13F0 0020 0002 SINHALA LETTER TAALUJA SAYANNA
3 0oDC2 13F3 0020 0002 SINHALA LETTER MUURDHAJA SAYANNA
e 0oDC3 13F6 0020 0002 SINHALA LETTER DANTAJA SAYANNA
® obCc4 13F9 0020 0002 SINHALA LETTER HAYANNA
IS 0DC5 13FA 0020 0002 SINHALA LETTER MUURDHAJA LAYANNA
@) 0DC6 13FC 0020 0002 SINHALA LETTER FAYANNA
< Dependent Vowels 2>
D) ODCF 13FF 0020 0002 SINHALA VOWEL SIGN AELA-PILLA
i 0DDO 1400 0020 0002 SINHALA VOWEL SIGN KETTI AEDAPILLA
i 0DD1 1403 0020 0002 SINHALA VOWEL SIGN DIGA AEDAPILLA
b 0DD2 1406 0020 0002 SINHALA VOWEL SIGN KETTI ISPILLA
i 0DD3 1409 0020 0002 SINHALA VOWEL SIGN DIGA IS-PILLA
g 0DD4 140A 0020 0002 SINHALA VOWEL SIGN KETTI PAAPILLA
4 0DD6 140C 0020 0002 SINHALA VOWEL SIGN DIGA PAAPILLA
0DD8 140F 0020 0002 SINHALA VOWEL SIGN GAETTAPILLA
ODF2 1410 0020 0002 SINHALA VOWEL SIGN DIGA GAETTA-PILLA
0DD8 0DD8 | 1410 0020 0002 SINHALA VOWEL SIGN DIGA GAETTA-PILLA
ODDF 1413 0020 0002 SINHALA VOWEL SIGN GAYANUKITTA
ODF3 1416 0020 0002 SINHALA VOWEL SIGN DIGA GAYANUKITTA
0DD9 1419 0020 0002 SINHALA VOWEL SIGN KOMBUVA
ODDA 141A 0020 0002 SINHALA VOWEL SIGN DIGA KOMBUVA
0DD9 ODCA | 141A 0020 0002 SINHALA VOWEL SIGN DIGA KOMBUVA
0DDB 141C 0020 0002 SINHALA VOWEL SIGN KOMBU DEKA
@ @i | ODD9 0DD9 | 141C 0020 0002 SINHALA VOWEL SIGN KOMBU DEKA
% 0DDC 141F 0020 0002 SINHALA VOWEL SI(SRI_E,A?MBUVA HAA AELA-
@it ix | ODD9 ODCF | 141F 0020 0002 SINHALA VOWEL SI(;:TI_FAOMBUVA HAA AELA-
®id 0DDD 1420 0020 0002 SINHALA VOWEI‘AE:_CX?]PTS_XBUVA HAA DIGA
®in & ODDC DCA | 1420 0020 0002 SINHALA VOWEIAEFA'?]PTS_XBUVA HAA DIGA
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The collation elements were applied to sort a random set of strings of Sinhala. The input and

corresponding output is given in Table 8.7.

0DD9 ODCF SINHALA VOWEL SIGN KOMBUVA HAA DIGA
DCA 1420 0020 0002 ABLAPILLA
SINHALA VOWEL SIGN KOMBUVA HA
&g ODDE 1423 0020 0002 GAYANUKITTA
SINHALA VOWEL SIGN KOMBUVA HA
@i i9 | ODD9 ODDF | 1423 0020 0002 GAYANUKITTA
o ODCA 1426 0020 0002 SINHALA SIGN AL-LAKUNA
8.2.3. Results

Table 8.7. Input and Corresponding Sorted Output for Sinhala

Input Output
@d.® BBY &o® =0
EW@ ¥ &2 220
9O ) 3@ 02
&o® Z0e3 2 S €D IO
0o Z0850 &350 OO
Y0 083038 083632 =
% o 238320 o3850 ® el SEoNe)
Goe3e38 DI FE®D DOE I
”ey DWE el DOEV L
Y 2720 @d® H
O D OH Soes B
DOO® DO CB o BoSe
GRS ETIN 1341610} ) DA
=0 DOW®B 2083729 BBRY
223830308 g 2030 B
DE®D »eO 20650028 -5
DY 0 Z3E3 20 )
5 =14 DT O WD RDYTDD
SISl Sl DDE DG
e B D0 SR8
@R a »OE )
DOE T @20 Q) 7a
0B o9 DY Da®
BoSe i~ YO POl
O 2aa Y0 aa
B 9 wOod.es 9
DCE D@D o) OO 9
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S
A5

2O
2002
2D
Yoy
el Lo Ne)
&IBYOZHI
Eves

98 8

oY)
on
olcy)
B2 oW
»Ood.es

SIDIS

O
3
G EN
DE B30
DHONE®
DHI0®
OB

rGYI)

oY)
CYaYS
SYaYaF)
on’
SYeyn)
@750
YISO
@m9

8.3. Conclusion

Sinhala has single level of collation, like other Indic languages. All characters are sorted at

primary level. The sorting process requires some text processing to decompose the characters

and map multiple characters onto single collation elements.

However after the mapping, the

collation algorithm discussed in the second chapter is applied in a regular manner for eventual

collation.
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9. Tamil

Tamil is a Southern Dravidian language [51]. It is currently spoken by about 77 million people
around the world with 68 million speakers residing in India mostly in the state of Tamil Nadu. It is

one the official language in India, Sri Lanka and Singapore.

Tamil language is written in Tamil script which descends from South Brahmi script and dates
back to 500 BC [8, 52]. It is a syllabic writing system, like other Indic systems, written without a

top-line characteristic of South Brahmi scripts and different from the North Brahmi scripts.

9.1. Writing System

9.1.1. Character Set

Tamil has fewer characters, a total of 18 consonants, 12 independent vowels and 11 dependent
vowels (schwa, the twelfth vowel, is implied with each consonant and thus not written explicitly).

These are given in Figures 9.1 and 9.2.

Sl QT oM R e R RN

Independent Vowels
om Q& oo o Qo G e Qom Gom Qoen
Dependent Vowels

Figure 9.1. Tamil Vowels
S Mm & @ L 6001 & b U O W [J 6V 6M LD 6T M 601

Figure 9.2. Tamil Consonants

Tamil borrows five special consonants to represent Sanskrit loan words. These are known as

Grantha characters [52] and are shown below.

& erv 6% 6 Ja

Figure 9.3. Additional Tamil Consonants (For Loan Words)

Tamil also has two special characters, Virama and Aytam. Virama is used to cancel the implicit
vowel with each consonant. Aytam causes spirintization, turning [p] into [f] and [j] into [z]. Their

use is shown in Table 9.1.



Tamil

Table 9.1. Virama and Aytam Characters in Tamil

Name Glyph Usage
Virma . LI
Aytam LI L.

Tamil has its own set of numerals but these are rarely used, and normally 0, 1, 2... 9 are used.

0O &% 2 h & (B dn 6 3 o

Figure 9.4. Tamil Numerals

In addition, Tamil has special characters as multipliers for 10, 100 and 1000, shown in Figure 9.5.

Thus, h, Wh, MW, MWK represent 3, 13, 30 and 33 respectively [5].
@ m g

Figure 9.5. Tamil Multipliers for 10, 100, and 1000

Moreover, there are some special symbols for day, month, year, debit, credit, as above, rupee

and numeral in Tamil shown in Figure 9.6 below [4].

o IS @p Yen Gy @

Figure 9.6. Special Signs

9.1.2. Script Details

Tamil is written from left to right. Letters are uncased and are grouped based on their place and

manner of articulation, like other Indic scripts.

9.1.2.1. Consonants and Vowels

Tamil has a syllabic writing system. Vowels and consonants are not represented as an individual

unit, rather as syllabic units in which consonant has an inherent [a] vowel, if not otherwise
specified. For example Tamil Letter KA & has [ka] sound. In case the consonant is to be
articulated without a vowel sound, e.g. in a cluster or at the end of a word, Virama is placed at top

of the consonant to cancel the [a] sound. So & has [k] sound.

Independent vowels are used for syllables which do not have an onset consonant and thus start

with a vowel. For all syllables which have an onset consonant, dependent vowels attach with this
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consonant. If the consonant is followed by a vocalic sound different from [a], the appropriate
dependent vowel mark is attached before, after, above or below the consonant (though it always
logically follows the consonant). In some cases the vowel splits into two halves and is placed
around the consonant. Table 9.2 below shows these cases.

Table 9.2. Dependent Vowels with the Consonant [h]

Consonant + )
Joined Form Comment
Dependent Vowel
Q-+ Qo Q@) Connects to the left of consonant
QU + Qi Connects to the right of consonant
e + < m Connects to the top of consonant
e + <7 Qe Connects to the base of consonant
Qm + Qen me Wraps around the consonant

Only one vowel can occur in a syllable, thus only a single dependent vowel can attach with a
consonant and the dependent vowels can not occur with independent vowels.

9.1.2.2. Conjunct Consonants and Consonantal Vowel Ligatures
Tamil, unlike other Indic based languages do not form conjunct consonants except for the case of
letter KSA which is formed as letter KA + Virama + SA ($+69 = da®). However, Tamil frequently

forms consonant-vowel ligatures. Same vowels might form variety of different shapes when

combined with different consonants. This is shown in the figure below as different consonants

combine with the long vowel :®. For a more comprehensive list, see [52].

&+ 7D = Ja
§+T0=§g,
&+ TO=gl
U+ 39 =1
L0 + <7D = €L

Figure 9.7. Consonant Vowel Ligatures in Tamil
9.2. Collation

This section elaborates on this collation sequence for Tamil and an algorithmic implementation
using UCA [2].
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All characters have primary level significance for collation purposes. Numerals and currency
symbols are given smallest weight. These are followed by modifiers, independent vowels,
consonants and finally dependent vowels. However, before collation can be applied, some text
processing is required. These details are also given below.

9.2.1. Text Processing

9.2.1.1. Reordering

As shown in Table 9.1 above, independent vowels combine with consonants in different ways. In
hand-written orthography, old type-writers and early proprietary Tamil fonts, the vowels that
append to the left are written first followed by a consonant. The vowels that append to the right,
above or below are written after the consonant. However, the logical order in both cases is the
same, i.e. the consonant is followed by the vowel. The more recent font formats and fonts based
on Unicode follow the logical order of typing. However, for the legacy fonts, re-ordering will be

required before string comparisons can be performed for collation.

9.2.1.2. Virama

Virama is implicitly an integral part of most Indic scripts; however, its explicit use is sometimes
optional. In case Virama is not written, a native speaker can still use the knowledge of the
language to correctly recognize and pronounce the words. However, it is much more
consistently used in Tamil. Consonants with Virama are lighter than the same consonant without
it. This is not possible to do if separate collation elements are assigned to consonants and
Virama, as per Unicode collation algorithm. A solution is to define a contraction corresponding to
each consonant with a collation element with lesser value compared to the consonant without the
Virama, as given in the collation table later.

9.2.1.3. Normalization

Many Tamil vowels are formed with two parts, one part attaching before and other after the
following consonant. These and some other dependent forms of vowels can be encoded in more
than one way in Unicode. As they are equivalent to each other for text processing, they have to
be equated or normalized into the same composed or decomposed form. Some examples are
illustrated in Table 9.3 below.

Table 9.3. Normalization in Tamil

Decomposed Unicodes of Equalent Unicode of Composed
omposed
Form Decomposed Form Form Form
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Qe + 3 OBC6 + OBBE OBCA
G+ o OBC7 + OBBE Qo OBCB
Qs+ 3er 0BC6+ 0BD7 Qe OBCC
€9 + 36N 0B92 + 0BD7 €61 0B94

9.2.1.4. Contraction

In Tamil, a few sequences of encoded characters map onto contracted linguistic units, which

have distinct role in collation, different from their constituents. These contractions need to be

assigned appropriate collation elements. These include the KSA character and the consonants

with Virama (as discussed earlier). Examples for these two cases are given in Table 9.4 below.

Table 9.4. Contraction to Single Collation Element from Multiple Unicodes

Unicodes of
Composed ]
Glyph Decomposed Collation Element Name
Form
Form
&+ 3+ 69 OBiSOEgE;CD o9 13B6 0020 0002 | TAMIL LETTER KSA
L0 + < OBAE + 0BCD L0 1392 0020 0002 TAMIL LETTER M

9.2.1.5. Consonantal Vowel Ligatures

As discussed, in some cases when vowels combine with consonants, they form a conjoined

shape which is different from simple concatenation. The formation of these consonantal vowel

ligatures is a visual phenomenon and does not change the encoding or the linguistic entities in

any complex way. Thus, it is not relevant for collation process.

9.2.2. Unicode Collation Elements

In order to realize Tamil collation, following collation elements need to be assigned. The UCA

algorithm proposed in [2] may be applied for sorting. The realized sequence is same as

recommended by [53, 54].

Table 9.5. Tamil Collation Elements

Glyph Unicode

Collation
Elements

Unicode Name

< Numerals and Vari

ous Signs 2

OBEG6

o

OE29 0020 0002

TAMIL DIGIT ZERO

5 OBE7

OE2A 0020 0002

TAMIL DIGIT ONE
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o OBES8 OE2B 0020 0002 TAMIL DIGIT TWO
h OBE9 OE2C 0020 0002 TAMIL DIGIT THREE
g OBEA O0E2D 0020 0002 TAMIL DIGIT FOUR
) OBEB OE2E 0020 0002 TAMIL DIGIT FIVE
Sn OBEC OE2F 0020 0002 TAMIL DIGIT SIX
61 OBED OE30 0020 0002 TAMIL DIGIT SEVEN
EY OBEE OE31 0020 0002 TAMIL DIGIT EIGHT
Go OBEF 0E32 0020 0002 TAMIL DIGIT NINE
© 0BFO OE33 0020 0002 TAMIL NUMBER TEN
r 0BF1 0E34 0020 0002 TAMIL NUMBER ONE HUNDERED
8 0BF2 OE35 0020 0002 TAMIL NUMBER ONE THOUSAND
6L 0BF3 OE36 0020 0002 TAMIL DAY SIGN
iy 0BF4 OE37 0020 0002 TAMIL MONTH SIGN
@mn° 0BF5 OE38 0020 0002 TAMIL YEAR SIGN
i OBF6 0E39 0020 0002 TAMIL DEBIT SIGN
6k 0BF7 OE3A 0020 0002 TAMIL CREDIT SIGN
ohg OBF8 OE3B 0020 0002 TAMIL AS ABOVE SIGN
@ 0BF9 OE3C 0020 0002 TAMIL RUPEE SIGN
h OBFA OE3E 0020 0002 TAMIL NUMBER SIGN
4 0BCD 1350 0020 0002 TAMIL SIGN VIRMA
0B83 1353 0020 0002 TAMIL SIGN VISARGA
<Independent Vowels Primary Level>
Y 0B85 1356 0020 0002 TAMIL LETTER A
N 0B86 1359 0020 0002 TAMIL LETTER AA
) 0B87 135C 0020 0002 TAMIL LETTER |
T 0B88 135F 0020 0002 TAMIL LETTER Il
o 0B89 1360 0020 0002 TAMIL LETTER U
oat 0B8A 1363 0020 0002 TAMIL LETTER UU
61 0B8E 1366 0020 0002 TAMIL LETTER E
6 0B8F 1369 0020 0002 TAMIL LETTER EE
) 0B90 136C 0020 0002 TAMIL LETTER Al
@ 0B92 136F 0020 0002 TAMIL LETTER O
T 0B93 1370 0020 0002 TAMIL LETTER OO
661 0B94 1373 0020 0002 TAMIL LETTER AU
62 6N 0B92 0BD7 1373 0020 0002 TAMIL LETTER AU
<Consonants>
& o 0B95 0BCD 1375 0020 0002 TAMIL LETTER K
0B95 1376 0020 0002 TAMIL LETTER KA
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MRl 0B99 OBCD 1378 0020 0002 TAMIL LETTER NG
Thi 0B99 1379 0020 0002 TAMIL LETTER NGA
g o 0B9A 0BCD 137B 0020 0002 TAMIL LETTER C
g 0B9A 137C 0020 0002 TAMIL LETTER CA
@b < 0B9E O0BCD 137F 0020 0002 TAMIL LETTER NY
@b OB9E 1380 0020 0002 TAMIL LETTER NYA
L o 0B9F 0BCD 1382 0020 0002 TAMIL LETTER TT
L 0BY9F 1383 0020 0002 TAMIL LETTER TTA
6o0T 0BA3 0BCD 1385 0020 0002 TAMIL LETTER NN
6001 OBA3 1386 0020 0002 TAMIL LETTER NNA
& 0BA4 0BCD 1388 0020 0002 TAMIL LETTER T
& 0BA4 1389 0020 0002 TAMIL LETTER TA
I 0BA8 OBCD 138B 0020 0002 TAMIL LETTER N
b OBAS8 138C 0020 0002 TAMIL LETTER NA
U o 0OBAA 0BCD 138F 0020 0002 TAMIL LETTER P
u 0BAA 1390 0020 0002 TAMIL LETTER PA
L o OBAE 0BCD 1392 0020 0002 TAMIL LETTER M
L0 OBAE 1393 0020 0002 TAMIL LETTER MA
W o OBAF OBCD 1395 0020 0002 TAMIL LETTER Y
w OBAF 1396 0020 0002 TAMIL LETTER YA
s 0BBO 0BCD 1398 0020 0002 TAMIL LETTER R
) 0BBO 1399 0020 0002 TAMIL LETTER RA
6L 0BB2 OBCD 139A 0020 0002 TAMIL LETTER L
6V 0BB2 139B 0020 0002 TAMIL LETTER LA
6 o 0BB5 0BCD 139C 0020 0002 TAMIL LETTER V
6 0BB5 139D 0020 0002 TAMIL LETTER VA
1 < 0BB4 0BCD 139F 0020 0002 TAMIL LETTER LLL
10 0BB4 13A0 0020 0002 TAMIL LETTER LLLA
o 0BB3 0BCD 13A2 0020 0002 TAMIL LETTER LL
o 0BB3 13A3 0020 0002 TAMIL LETTER LLA
m < 0BB1 OBCD 13A5 0020 0002 TAMIL LETTER RR
m 0BB1 13A6 0020 0002 TAMIL LETTER RRA
60T o 0BA9 0BCD 13A8 0020 0002 TAMIL LETTER NNN
60T 0BA9 13A9 0020 0002 TAMIL LETTER NNNA
8 0B9C 0BCD 13AB 0020 0002 TAMIL LETTER J
2 0B9C 13AC 0020 0002 TAMIL LETTER JA
6ro o 0BB8 OBCD 13AE 0020 0002 TAMIL LETTER S

106

www.PANL10nNn.net




Tamil

6ro 0BB8 13AF 0020 0002 TAMIL LETTER SA
69 o 0BB7 0BCD 13B0 0020 0002 TAMIL LETTER SS
69 OBB7 13B1 0020 0002 TAMIL LETTER SSA
e 8 0BB9 0BCD 13B2 0020 0002 TAMIL LETTER H
[511)) 0BB9 13B3 0020 0002 TAMIL LETTER HA
& (319) 0B95 0BCD 13B5 0020 0002 TAMIL LETTER KS
- 0BB7 0BCD
& o 69 OB(S)BSI;CD 13B6 0020 0002 TAMIL LETTER KSA
Uo 0BB6 0BCD 13B8 0020 0002 TAMIL LETTER SH
uD OBB6 13B9 0020 0002 TAMIL LETTER SHA
< Dependent Vowels 2
O OBBE 13C0 0020 0002 TAMIL VOWEL SIGN AA
A OBBF 13C3 0020 0002 TAMIL VOWEL SIGN |
< 0BCO 13C6 0020 0002 TAMIL VOWEL SIGN I
7o 0BC1 13C9 0020 0002 TAMIL VOWEL SIGN U
TO oBC2 13CA 0020 0002 TAMIL VOWEL SIGN UU
Qs OBC6 13CC 0020 0002 TAMIL VOWEL SIGN E
G 0BC7 13D0 0020 0002 TAMIL VOWEL SIGN EE
60 0BC8 13D3 0020 0002 TAMIL VOWEL SIGN Al
Qo OBCA 13D6 0020 0002 TAMIL VOWEL SIGN O
Qo o 0BC6 OBBE 13D6 0020 0002 TAMIL VOWEL SIGN O
G 0OBCB 13D9 0020 0002 TAMIL VOWEL SIGN OO
G o | oBc7 OBBE | 13D9 0020 0002 TAMIL VOWEL SIGN OO
Qe 0BCC 13DC 0020 0002 TAMIL VOWEL SIGN AU
Q:: o3en | 0BC6 OBD7 13DC 0020 0002 TAMIL VOWEL SIGN AU
I (| oBD7 13DF 0020 0002 TAMIL AU LETTER MARK
9.2.3. Results

The collation elements were applied to sort a random set of strings of Tamil.

corresponding output is given in Table 9.6.

Table 9.6. Input and Corresponding Sorted Output for Tamil

The input and

Input

Qeuen
Qeuen
Qleuerey

€aL0Ln

¢oey
UM

Output
3&H&HMM GCaLpen
S G 6N O&NME
G 6N &ML (B
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W&HGHLO
W&
WL
bl
PHemS
LyLo6st
HyemLa
H&H&LD
H&&60
Bhi@
SN
GNMmeL
S
@hmeoLn
@hITLE6L
Q&L g
Qe @
Q&1q
& .8
SH&H&HL0
&
SIMHGH6V
STh& 6N
SIS 601
& &l6uon
©&6vey
&6VMeV6BT
(OLMIDY
Fal_L lq

W
61-.&
ol L LD
AL0
Qs0S
GaL
GaLp6D
&M
&L (b
Q&MHE)
QansH
Q&MHG)
Gamm
Gamm
GaIev
Q&en
Ql&en
€6160I6)
€616
311
o
24
2 691
[T &6V

34,601
et
T & 6L
2 _6uTM
oa1lp
619
61D
311
LI
S
€2LOLn
¢p6)0
€616
626116060
& .G
&H&H&HL0
&
SIh&H 6L
SMHG 6N
SIS 681
AN EALT )
©6ve)
&6VMeV 6
@evrey
Fol_L lg
ol L LD
Qo
AEYeE)
GCaLp

Q&M1&
QaMsH g
QaneH N
Gamm
Gamm
GaITeL
Q&en
Q&en
Q&L g
Qe @
Q&g
@bmevLn
6hITLe6L
ol
GnmeL
SN
H&H&LD
H&&60
P&
LyLo6sT
HyemLa
(Gl
Whend
WL
W&HS
WL
Geuen
Qleuen
Qleuerey

9.3. Conclusion

Tamil has single level of collation, like other Indic languages. All characters are sorted at primary
level. The sorting process requires some text processing to decompose the characters and
contract multiple characters onto single collation elements.

collation algorithm discussed in the second chapter is applied in a regular manner for eventual

collation.
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10. Urdu

Urdu derives from Indo-Aryan family of languages and shares basic linguistic structure with Hindi,
the two languages being mutually understandable. However, unlike Hindi, Urdu derives more of
its vocabulary from Persian and Arabic. Urdu has 104 million speakers in Pakistan, Afghanistan,
India, Bangladesh and many other countries [56]. Urdu is the national language of Pakistan and
a state language of India. Urdu is written using Arabic script. Perso-Arabic Nastalique style is
widely used for Urdu orthography [57, 58].

10.1. Writing System

10.1.1. Character Set

Urdu uses characters from the extended Arabic character set used for Persian. It further extends
this set to represent sounds which are present in Urdu but not it Arabic or Persian, including
aspirated stop and alveolar consonants, and long vowels [59]. Altogether there are 58 letters in

Urdu, given in Figure 10.1 ([60]; other sources may give slightly different set).

~
- b b

S B DI UUABAL S F S F e

*

N

‘.'.’”’“:’H
JfJ[JC)&JCCbLJJJJ?)ﬁjjﬂ)J

g S5 v £ Uﬁ;dﬁ.rA
Figure 10.1. Urdu Character Set

Arabic script uses letters to represent consonants. Diacritics are used to specify the vowels.
Urdu has both long and short vowels. Short vowels are indicated by placing diacritics with the
consonant which precedes it in the syllable. Long vowels are indicated by a combination of the
diacritic on a consonant followed by an additional letter (see [59] for a detailed discussion). These
diacritics (also known as Aerab) are normally not written, though are implicitly present, and thus
are optional in their usage. In addition to the Aerab which specify the vowels, diacritics are also

used to add consonantal sounds, e.g. for germination (i.e. duplication of consonants). These

Aerab are given in Figure 10.2 with the letter —.
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Figure 10.2. Urdu Diacritics

As is evident from the figure, different diacritics can occur above or below the consonant. A
consonant may take two diacritics, one consonantal and the other vocalic. In case both diacritics
are above the consonant, the consonantal diacritics stack under the vocalic one. These diacritics

are always keyed in after the anchoring base letter.

Urdu also has honorific marks which are used to show respect, and are used with proper names.

These honorifics are shown in Figure 10.3.

] =
- =i o ...'gJ. =

=

Figure 10.3. Honorific Marks in Urdu

Urdu has its own set of numerals based on numerals used in Arabic and Persian, but some

numerals are unique in their shape. These numerals are listed in Figure 10.4.

IALTAMY Y)Y,
Figure 10.4. Urdu Numerals

10.1.2. Bidirectionality

Urdu inherits the bidirectional property from Arabic script. Urdu words are written from right to left
but numbers are written from right to left, as shown in Figure 10.5. However, bidirectionality is
handled at rendering level and key press sequence for Urdu alphanumeric input is same as it
would be for any other uni-directional language. Thus bidirectionality has no implication on

collation.

v ('L?uym S G L

«— —> <

Figure 10.5. Bidirectional Urdu Text
(Arrows indicate reading direction)
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10.1.3. Cursiveness, Ligation and Context Sensitive Glyph Shaping

Arabic script is cursive, that is, the letters in the script join together into units to form words.
These connected units are called ligatures. There are two kinds of characters, joiners and non-
joiners.  While writing a word, all characters join together until a non-joiner is written. A new
ligature starts after the non-joiner (thus, the name “non-joiner”). The process is repeated until the
end of the word. In addition, depending on whether the character joins a ligature in the initial,
medial or final position, or is unconnected, it takes a different shape. In Nastalique, the character
may also change shape depending on the other characters around it. Thus, depending on the

context, a single letter may take as many as 25 shapes. Cursiveness is shown in Figure 10.6.

1Vt VIS
Spelling
& gl
Cursively Written Form

Figure 10.6. Spelt-out and Cursive Version of Sample Text of Urdu in Nastalique Script

Again, cursiveness, ligation and context sensitivity are rendering related issues and the though

the output shapes of characters may vary with context, their internal encoding remains

unchanged. For example, the letter « may take many shapes but its internal encoding is always

U+0628. Therefore, these properties have no implication on collation.

10.2. Collation

Urdu collation sequence has been standardized and published by National Language Authority
for Pakistan [60]. The collation requires the characters to be sorted at three levels, letters, Aerab
and honorifics. However, before the text can be sorted, it has to undergo text processing, as
discussed in the next sub-section. Once the text is processed and collation elements are

assigned, the regular sort-key generation and comparison process sorts the text.
10.2.1. Text Processing

10.2.1.1. Inconsistent Use of Space

Nastalique style of writing does not have the concept of space to separate words. Similar to

South-East Asian scripts like Lao, Thai and Khmer, Urdu readers are expected to parse the
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ligatures into words as they read along the text. In typing, space is used to get the right character

shapes. To achieve this end, it is sometimes used within a word to break the word into

constituent ligatures, as in word 6’/9 L}gj However, if the ligature form is achieved without the

use of space, it is sometimes not even used in between two words, e.g. ks, is visually correct

sequence of two words for the readers but has no space between them. This has implications
on collation and thus proper word segmentation must be done before strings are collated.
Currently there are no automatic word segmentation utilities available for Urdu and therefore the

input for collation must be manually cleaned.

10.2.1.2. Diacritics for Loan Words

The diacritics used for Urdu are given in the figure above. However, there are additional diacritics
which are sometimes used with loan words from Arabic. Though not part of Urdu, they have to

be processed in case of loan words. Thus, they are also included in the collation element table.

10.2.1.3. Normalization

Two kinds of normalization are required for Urdu. First, a letter may be represented by multiple

Unicode points, and thus the redundancy in encoding has to be cleaned in raw text before further

processing. For example, letter u’ may be represented by Unicode points U+0649, U+064A, and

U+06CC in Urdu®. Second, a letter or a ligature is sometimes encoded in composed form as well
as decomposed form. Thus, the two equivalent representations must also be reduced to same
underlying form before further processing. This category includes two sub-categories. One
category combines marks and base characters to form other characters. Other combines

multiple base characters to form a ligature. Table 10.1 below gives some examples.

1 . . - . .
These codes are normally used in Urdu corpus online to represent § character. Additional codes in Arabic

Presentations Forms are not listed here. Unicode doe s not recommend the use of this area, which was originally used
for backward compatibility with legacy systems.
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Table 10.1. Composed and Decomposed Forms of an Urdu Character and a Ligature

. Individual . .
Glyph Unicode letters/marks Unicode Points
T |
0622 - 0653 0627
N FEFB |d 0627 06F1

There are many such characters and ligatures which can be represented in multiple ways. Many
are not recommended by the Unicode standard, but users still use them due to the similarity of
glyphs. An example is using Arabic digits for Urdu language (U+0660 — U+0669), where a

separate similar looking set is also encoded (U+06F0 — U+06F9) for use in Arabic language.

10.2.1.4. Contraction

In Urdu character _a (U+06BE or U+0647%) combines with most obstruents® to represent their

aspirated version. Though the constituents are encoded separately, they combine to give a
singular character with a single collation element. Thus, these combinations have to be
contracted before collation elements are assigned. Some examples of these contractions are
given in Figure 10.7.

e

B=r+{y
b b

2)=2+)

Figure 10.7. Contraction of Letters with _a in Urdu

There is no Unicode point available to directly encode the contracted form for aspirated
obstruents.

2 Not recommended for use in Urdu but is used in the online Urdu corpus.
Phonological term for all sounds which cause a constriction in the oral tract during articulation.
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10.2.2. Unicode Collation Elements

Collation Elements for Urdu character set are given in Table 10.2 below.

Table 10.2. Urdu Collation Elements

Glyph Cl:n;(; Collation Elements Unicode Name
ZWNJ 200C 0000 0010 0002 ZERO WIDTH NON-JOINER
Diacrtics>
& 0652 0000 00C4 0002 ARABIC SUKUN
064E 0000 00C9 0002 ARABIC FATHA
0650 0000 00OCA 0002 ARABIC KASRA
064F 0000 00CB 0002 ARABIC DAMMA
0670 0000 00CD 0002 ARABIC LETTER SUPERSCRIPT ALEF
.. | 0656 0000 00D5 0002 ARABIC SUBSCRIPT ALEF
| 0657 0000 00D8 0002 ARABIC INVERTED DAMMA
= | 064B 0000 00DB 0002 ARABIC FATHATAN
~ | 064D 0000 0ODE 0002 ARABIC KASRATAN
064C 0000 00E2 0002 ARABIC DAMMATAN
. | 0654 0000 00E5 0002 ARABIC HAMZA ABOVE
S| 0851 0000 0OES 0002 ARABIC SHADDA
0658 0000 OOEA 0002 ARABIC MARK NOON GHUNNA
.| 0653 0000 0OF1 0002 ARABIC MADDAH ABOVE
< Honorifics and Special Signs->
- | 0610 0000 0000 000A ARABIC SIGN SALLALLAHOU ALAYHWASSALLAM
< | o611 0000 0000 001A ARABIC SIGN ALAYHE ASSALLAM
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- 0613 0000 0000 002A ARABIC SIGN RADI ALLAHOU ANHU
) 0612 0000 0000 003A ARABIC SIGN RAHMATULLAH ALAYHE
B 0614 0000 0000 004A ARABIC SIGN TAKHALLUS
< Punctuation Marks->
0600 0000 0000 0000 ARABIC NUMBER SIGN
""" 0601 0000 0000 0000 ARABIC SIGN SANAH
i 0602 0000 0000 0000 ARABIC FOOTNOTE MARKER
]
777777 0603 0000 0000 0000 ARABIC SIGN SAFHA
L 0615 0000 0000 0000 ARABIC SMALL HIGH TAH
060C 0000 0000 0000 ARABIC COMMA
060D 0000 0000 0000 ARABIC DATE SEPARATOR
066B 0000 0000 0000 ARABIC DECIMAL SEPARATOR
066C 0000 0000 0000 ARABIC THOUSANDS SEPARATOR
< 061F 0000 0000 0000 ARABIC QUESTION MARK
¢ 061B 0000 0000 0000 ARABIC SEMICOLON
- 06D4 0000 0000 0000 ARABIC FULL STOP
'/. 066A 0000 0000 0000 ARABIC PERCENT SIGN
. 060E 0000 0000 0000 ARABIC POETIC VERSE SIGN
& 060F 0000 0000 0000 ARABIC SIGN MISRA
Y FEFB [13AB 0020 0002],[ ARABIC LIGATURE LAAM WITH ALEF ISOLATED
1350 0020 0002] FORM
[13AB 0020 0002],
o FDE2 [13AB 0020 0002],

[13AB 0020 0002],[
13D3 0020 0002]

ARABIC LIGATURE ALLAH
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[13BD 0020
2 0624 0002]’([)%%%(]) 00ES ARABIC LETTER WAW WITH HAMZA ABOVE
. [13C9 0020
S 0626 0002]’([)%%%? 00ES ARABIC LETTER CHOTI YEH WITH HAMZA ABOVE
{ [1350 0020 0002],[0000
\ 0623 00E5 0002] ARABIC LETTER ALEF WITH HAMZA ABOVE
< Numerals 2>
. 06FO0 OE29 0020 0002 ARABIC-INDIC DIGIT ZERO
06F1 OE2A 0020 0002 ARABIC-INDIC DIGIT ONE
y 06F2 OE2B 0020 0002 ARABIC-INDIC DIGIT TWO
P 06F3 OE2C 0020 0002 ARABIC-INDIC DIGIT THREE
v 06F4 OE2D 0020 0002 ARABIC-INDIC DIGIT FOUR
d 06F5 OE2E 0020 0002 ARABIC-INDIC DIGIT FIVE
9 06F6 OE2F 0020 0002 ARABIC-INDIC DIGIT SIX
{ 06F7 OE30 0020 0002 ARABIC-INDIC DIGIT SEVEN
A 06F8 OE31 0020 0002 ARABIC-INDIC DIGIT EIGHT
9 06F9 OE32 0020 0002 ARABIC-INDIC DIGIT NINE
’ 0627 1350 0020 0002 ARABIC LETTER ALEF
~
‘ 0627 0653 | 1351 0020 0002 ARABIC LETTER ALEF WITH MADDA ABOVE
~
‘ 0622 1351 0020 0002 ARABIC LETTER ALEF WITH MADDA ABOVE
— 0628 1352 0020 0002 ARABIC LETTER BEH
ARABIC LETTER BEH + ARABIC LETTER HEH
£ 0628 06BE | 1353 0020 0002 DOCHASHMEE
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— 067E 1354 0020 0002 ARABIC LETTER PEH
ARABIC LETTER PEH + ARABIC LETTER HEH
A 067E 06BE | 1355 0020 0002 DOCHASHMEE
< 062A 1357 0020 0002 ARABIC LETTER TEH
v ARABIC LETTER THE + ARABIC LETTER HEH
P 062A 06BE | 1358 0020 0002 DOCHASHMEE
< 0679 135A 0020 0002 ARABIC LETTER TTEH
5 ARABIC LETTER TTEH + ARABIC LETTER HEH
& 0679 06BE | 135B 0020 0002 DOCHASHMEE
< 062B 135D 0020 0002 ARABIC LETTER THEH
6 062C 135E 0020 0002 ARABIC LETTER JEEM
ARABIC LETTER JEEM + ARABIC LETTER HEH
Z 062C 06BE | 135F 0020 0002 DOCHASHMEE
@ 0686 1361 0020 0002 ARABIC LETTER TCHEH
ARABIC LETTER TCHEH + ARABIC LETTER HEH
£, 0686 0O6BE | 1362 0020 0002 DOCHASHMEE
C 062D 1364 0020 0002 ARABIC LETTER HAH
é 062E 1365 0020 0002 ARABIC LETTER KHAH
) 062F 1369 0020 0002 ARABIC LETTER DAL
ARABIC LETTER DAL + ARABIC LETTER HEH
»y | 062F O6BE | 136A 0020 0002 DOCHASHMEE
; 0688 136B 0020 0002 ARABIC LETTER DDAL
5 ARABIC LETTER DDAL + ARABIC LETTER HEH
»y | 0688 06BE | 136C 0020 0002 DOCHASHMEE
3 0630 1370 0020 0002 ARABIC LETTER THAL
J 0631 1375 0020 0002 ARABIC LETTER REH
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5, | 0631 06BE | 1376 0020 0002 ARABIC LETTEISCF;ES;SAHTAASEIC LETTER HEH
j 0691 1377 0020 0002 ARABIC LETTER RREH

wj 0691 06BE | 1378 0020 0002 ARABIC LETTERD%%E'FL;:SQEIC LETTER HEH
J 0632 137C 0020 0002 ARABIC LETTER ZAIN

j’ 0698 137E 0020 0002 ARABIC LETTER JEH

J 0633 1381 0020 0002 ARABIC LETTER SEEN

& 0634 1382 0020 0002 ARABIC LETTER SHEEN

u‘ 0635 1387 0020 0002 ARABIC LETTER SAD

u.‘ 0636 1388 0020 0002 ARABIC LETTER DAD

b 0637 138C 0020 0002 ARABIC LETTER TAH

b 0638 138D 0020 0002 ARABIC LETTER ZAH

C 0639 138F 0020 0002 ARABIC LETTER AIN

b 063A 1390 0020 0002 ARABIC LETTER GHAIN

- 0641 1393 0020 0002 ARABIC LETTER FEH

C} 0642 139B 0020 0002 ARABIC LETTER QAF

:J/ 06A9 139F 0020 0002 ARABIC LETTER KEHEH

A/ 06A9 06BE | 13A2 0020 0002 ARABIC LETTERSSSEEJH?AREAEBIC LETTER HEH

7
,f,( 06AF 13A5 0020 0002 ARABIC LETTER GAF
f 06AE 06BE | 13A6 0020 0002 ARABIC LETTEFS(()S?S;SﬁFEAAEBEIC LETTER HEH
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0644 13AB 0020 0002 ARABIC LETTER LAM
ARABIC LETTER LAM + ARABIC LETTER HEH
0644 06BE | 13AC 0020 0002 DOCHASHMEE
( 0645 13B0 0020 0002 ARABIC LETTER MEEM
ARABIC LETTER MEEM + ARABIC LETTER HEH
2 0645 06BE | 13B1 0020 0002 DOCHASHMEE
u 0646 13B4 0020 0002 ARABIC LETTER NOON
. ARABIC LETTER NOON + ARABIC LETTER HEH
& 0646 06BE | 13B5 0020 0002 DOCHASHMEE
u 06BA 13B9 0020 0002 ARABIC LETTER NOON GHUNNA
. ARABIC LETTER NOON GHUNNA + ARABIC LETTER
o~ 06BA 06BE | 13BA 0020 0002 HEH DOCHASHMEE
) 0648 13BD 0020 0002 ARABIC LETTER WAW
ARABIC LETTER WAW + ARABIC LETTER HEH
29 0648 06BE | 13BE 0020 0002 DOCHASHMEE
» 06C1 13C2 0020 0002 ARABIC LETTER HEH GOAL
P 06BE 13C4 0020 0002 ARABIC LETTER HEH DOCHASHMEE
> 06C3 13C6 0020 0002 ARABIC LETTER TEH MARBUTA GOAL
& 0621 13C7 0020 0002 ARABIC LETTER HAMZA
d 06CC 13C9 0020 0002 ARABIC LETTER FARSI YEH
ARABIC LETTER FARSI YEH + ARABIC LETTER HEH
Z 06CCO6BE | 13CB 0020 0002 DOCHASHMEE
P 06D2 13CE 0020 0002 ARABIC LETTER YEH BARREE
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10.3. Results

The sorting performed using the collation elements given results in the following sequence.

Table 10.3. Input and Corresponding Sorted Output for Urdu

Sample Output Sample Input
550 <! ox S‘@
gl s 2y 30 Y
o8 %) Jors S
oS ola! g malls s o il
55 U of 8
55 o e s
e > ol g
s & 3 o7
ot > g &
ﬁ; o °§) ol
K 3 o O skl
< o= 5 g
£ S o5 ole
8 > 55 s
obe Opiks 5 50 o
L SE o £
o Sl &

10.4. Conclusion

Sorting in Urdu is carried out at three different levels. Letters are sorted at primary level, diacritics
are handled at secondary level, and honorifics are handled at tertiary level. Normalization and
contraction are also required for Urdu collation. However, regular sorting algorithm is applicable

after appropriate text processing is done and collation elements are assigned.
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11. Discussion and Conclusion

The current work addresses a variety of cases for development of collation sequences across
languages. As has been shown, collation is a complex linguistic phenomenon dependent on a
variety of factors deriving mostly from the writing and speaking system of a language. Computing
adds another layer of complexity to collation, as the sorting process is further dependent by the
encoding system. Thus, both linguistic and computing rigor is required to find a solution which is
conventionally acceptable by speakers of the language. In certain cases, multiple collations are
also culturally acceptablel. In such cases, all the collations must be separately implemented and

the choice of collation should be left to the user and context.

Most languages give a varying degree of importance to their character repository. Core
characters can take primary level importance. Some other characters may take secondary
importance, and so on, until the other end of the spectrum, where language may also have
characters which are ignorable for collation purpose. Asian scripts and languages, like other

scripts, also have a variety of levels of collation, motivated by different factors.

Marks and symbols are also an important part of orthography which may have significant
influence on collation. Like other languages and scripts, Asian writing systems and languages
employ them for a variety of reasons. Marks specify and/or modify the consonantal, vocalic and
other phonological material in words. Lao uses marks to specify tones. Lao, Dzongkha, Sindhi,
Urdu and other languages use marks to specify vowels. Bengali uses a mark to suppress
inherent vowel to form closed syllables. Other phonological properties like germination (e.g. in
Urdu), nasalization (e.g. in Bengali), aspiration (e.g. in Dzongkha) and spirintization (e.g. in Tamil)
are also indicated by marks. Marks and symbols are also used to specify information at higher
linguistic levels, e.g. to specify syllable boundary (e.g. in Dzongkha) or phrase boundary (e.g. in
Sinhala and Dzongkha), or to mark levels of respect and honor (e.g. in Urdu). And, as
anticipated, these marks affect collation to a varying degree. Some marks have primary level
collation weight, while others are ignorable for collation. A level of complexity is also added due
to the fact that some of these marks are optionally used, e.g. the Virama in Bengali and the Aerab
in Urdu. When they are not written, they are re-constructed by a human reader intelligently, even
when being collated. However, this is difficult to model.

Such multiplicity is also observed in other cultural conventions, e.g. many cultures have multiple calendars.
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Character ordering, and thus collation, is more strongly motivated by script than language. For
example, Hindi is very similar to Urdu as a language?, the former written with Devanagari script
(similar to Bengali script discussed in this volume) and latter with Arabic script. Hindi characters
are ordered by sound, with consonants grouped according to place of articulation, starting from
velars all to way to labials. However, Urdu characters are grouped according to shape, as have
been done in Arabic script based languages, and not according to their place of articulation.
Sindhi shows same behavior, even though it significantly extends the basic Arabic script.
Furthermore, Hindi also has independent and dependent vowels which show context sensitive

collation and orthography (like Bengali), much different from Urdu.

As has been observed for the languages discussed, a key factor which influences the collation
weight of a character is its context, latter sometimes also marked with change in orthography.
Dzongkha and Laos show significant change in consonant behavior depending on where it occurs
in a syllable (which is eventually determined by which characters precede and/or follow it, and
thus its orthographic syllabification). Same character can have a different collation weight based
on this context. The character does not change its orthography in these languages. Bangla (and
Devanagari), Tamil and Sinhala scripts present a similar scenario, but with vowels. Independent
and dependent vowels are sorted differently, the latter normally occurring in syllables with onset
consonants. However, in this case the vowels change their orthography as well. Case sensitivity
may also be viewed as a form of context sensitivity, where upper case is motivated in the context
of proper noun semantics or sentence boundary. The behavior is similar to the change in shape
between independent and dependent vowel forms in Bengali, Tamil, Sinahala and other scripts,
though this change is motivated under different conditions. This is shown in Cyrillic script as
adapted by Mongolian language, as is also true for Latin and Greek scripts. Case also changes
the collation of characters in languages using these scripts, including Mongolian. However,
collation for all languages is not sensitive to context. Urdu and Sindhi do not have context-
dependent variability in collation weights for their characters, even though the context does

change the orthography of these characters. This is summarized in the table below.

2 Though there are some linguistic and lexical differences.
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Table 11.1. Influence of Context on Collation and Orthography of Characters in Asian Languages

Influence of | Influence of
Language
) Context on Context on Remarks
(Script) ]
Collation Orthography
Dzongkha
) Yes No Only for Consonants
(Tibetan)
Lao (Lao) Yes No Only for Consonants
Mongolian
(Cyrillic)/ For both Consonants and Vowels, through
] Yes Yes )
English, French, Casing
... (Latin)
) ) Yes Yes For Vowels
Bengali (Bengali)/ i i
] . For Conjunct Consonants for Bengali and
Sinhala (Sinhala)/ )
) ) No Yes Sinhala
Tamil (Tamil) ) )
For Consonant-Vowel Conjuncts for Tamil
Urdu (Arabic)/
o _ No Yes For all characters
Sindhi (Arabic)

Asian languages discussed observe multiple levels of collation. From languages like Lao, which
have four levels of collation, to languages like Bengali, which mostly collate at a single level, there
is complete variety. Urdu and Sindhi have three levels of collation, and Mongolian has two levels

of collation. None of the languages show more than four levels of collation.

There are two main challenges faced in modeling the Asian scripts and languages discussed, one
orthographic and other technical. Orthographically, many of these languages present a much
more complex system [58]. The complexity arises from a variety of factors, including non-
monotonic writing system, context-sensitive shaping, variety in orthographic units, with some

languages structured around syllables, some on half-syllables, and some on characters.

At the technical level, encoding of these languages in Unicode presents a challenges as it is
sometimes arbitrary, and many times redundant, developed through non-academic practical
compromises, e.g. to keep backward compatibility, etc. Such decisions have added dimensions
in encoding which have to be neutralized through the processes of Normalization, Reordering and
Contraction before an encoded string can be sorted. Normalization is usually employed in cases
where redundancies have been introduced in the encoding. Reordering is necessary due to

monotonic encoding of non-monotonic writing systems (or exceptional ordering in a language,
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e.g. for marks in French) and contraction is required when composed characters form distinct

orthographic entities, different from its parts.

Though these processes are generally defined by Unicode, they still need to be further
investigated for each of the languages. This has been addressed to some extent in this volume,
but much more work needs to be done in these areas. The recommendations from Unicode
provide only a guideline, which work reasonably well for script encoding dealing with a single or a
few languages, e.g. Lao, Bengali and Sinhala etc. However, these recommendations have to be
reviewed more thoroughly for languages which share the script with many other languages, e.g.
Sindhi and Urdu, both using Arabic script, because in these cases the script encoding is a
common denominator for all the relevant languages and thus not always effectively catering to

the needs of a single one.

Once the input string is processed, in most of the languages, the Unicode collation algorithm is
applicable in a straight forward manner. However, one assumption implicit in this algorithm is that
sorting is to be performed at word level. This is not true for Dzongkha and Laos, which sort
syllable at a time. Thus, the algorithm has to be modified to create collation keys for each
syllable and then eventually compared for the syllables in the word. If this is enabled, then the

same technique to generate the collation key can be used for each syllable.

In conclusion, Asian scripts present a variety of unique challenges for collation, based on the
diversity in scripts in the region. These challenges are caused both by the complexities in the
writing systems and by encoding of these systems using Unicode. Complex problems require
complex solutions, as in some of the languages discussed. Many of these solutions cannot fit
naturally in the existing collation framework defined through the Unicode Collation algorithm,
though the current work tries to provide solutions within this framework. However, there may be
more natural and simpler solutions if language(s) are encoded differentlys. This would be a good

theoretical exercise, but would be marred by practical issues.

The work presented in this volume is by no means the final word on the collation of these
languages. Though the proposed solutions have been tested and the work has been reviewed,
more testing is still desired. These algorithms are thus in initial step towards a more rigorous

linguistic and computational investigation into these languages.

% For example, there is a Chinese standard encoding for Tibetan script which handles collation differently from Unicode.

124 www.PANL10n.net



12. References

[1] Wissink, C. and Kaplan, M. (2003). *“Sorting it all out: An Introduction to Collation.”
Proceedings of 23" International Unicode Conference, Prague, Czech Republic.

[2] Davis, M. and Whistler, K. (2006). “Unicode Collation Algorithm 5.0.” Retrieved from
http://www.unicode.org/reports/tr10/ on 29" Dec. 2006.

[3] Hussain, S., Durrani, N. and Gul, S. (2006). PAN Localization Survey of Local Language
Computing in Asia 2005. National University of Computer and Emerging Sciences, Pakistan.

[4] Unicode Consortium (2003). The Unicode Standard 4.0. Addison Wesley, New York, USA.

[5] Gillam, R. (2003). Unicode Demystified. Addison Wesley, New York, USA.

[6] Bhurgari, A. M. “Enabling Pakistani Languages through Unicode.” Retrieved from
http://download.microsoft.com/download/1/4/2/142aef9f-1a74-4a24-b1f4-
782d48d41a6d/PakLang.pdf on 26th Dec. 2006.

[7] Kenstowicz, M. (1994). Phonology in Generative Grammar. Blackwell Publishers,
Cambridge, USA.

[8] Afzal, M. and Hussain, S. (2001). “Urdu Computing Standards: Development of UZT 1.01,” in

the Proceedings of the IEEE International Multi-Topic Conference, Lahore, Pakistan.

[9] Hussain, S. and Afzal, M. (2001) “Urdu Computing Standards: UZT 1.01,” in the Proceedings

of the IEEE International Multi-Topic Conference, Lahore, Pakistan.

[10] Wissink, C. (2001). “Issues in Indic Language Collation,” in the Proceedings of 19"

International Unicode Conference, San Jose, USA.

[11] Wikipedia. “Viethamese Tones.” Retrieved from http://en.wikipedia.org/wiki/

Vietnamese Tones on 15th March 2007.

[12] Ethnologue.com. “Bengali: A language of Bangladesh.” Retrieved from

http://www.ethnologue.com/14/show language.asp?code=BNG on 22nd March, 2007.

[13] Omniglot.com. “Bengali Alphabet.” Retrieved from http://www.omniglot.com/writing/
bengali.htm on 22nd March, 2007.

[14] Ishida, R. “Bengali Script Notes”. Retrieved from http://people.w3.org/rishida/scripts/bengali
/bengali-script/ on 23rd March, 2007.



A Study on Collation of Language from Developing Asia

[15] Bangla Academy (1994). Bengali-English Dictionary. Ali, M., Moniruzzaman, M. and
Tareque, J. (Eds.). Bangla Academy Press, Dhaka, Bangladesh.

[16] Unicode Consortium. “Default Unicode Collation Element Table” (Allkeys.txt 5.0). Retrieved
from http://unicode.org/Public/UCA/latest/allkeys.txt on 23rd March 2007.

[17] Ethnologue.com. “Lao: A language of Laos.” Retrieved from http://www.ethnologue.com/

show language.asp?code=lao on 23rd March, 2007.

[18] Coulmas, F. (1996).Encyclopedia of Writing Systems. Blackwell Publishers, Oxford, UK.

[19] Omniglot.com. “Lao Alphabet.” Retrieved from http://www.omniglot.com/writing/lao.htm on
23rd March, 2007.

[20] Phissamy, P., Dalaloy, V., Silimasak, O., Chanhsililath (2007). “Lao Syllabification”, PAN
Localization Working Papers 2004- 2007. PAN Localization Project, National University of

Computer and Emerging Sciences, Lahore, Pakistan.

[21] SEASite Laos, Northern lllinois University. “Lao Vowels.” Retrieved from
http://www.seasite.niu.edu/lao/LaoLanquage/LaocAlphabet/LaoVowels.htm on 24th March,
2007.

[22] Bouaravong, P. (2004). “English-Lao & Lao-English Dictionary.”

[23] Aroonmanakun, W. (2002). “Collocation and Thai Word Segmentation.” In The Proceedings
of the Fifth Symposium on Natural Language Processing & The Fifth Oriental COCOSDA

Workshop. Pathumthani: Sirindhorn International Institute of Technology.

[24] Meknawin, S. (1995). “Towards 99.99% Accuracy of Thai Word Segmentation.” Oral

Presentation at The Symposium on Natural Language Processing, Thailand.

[25] Charoenpornsawat, P., Kijsirikul, B. (1998). “Feature-Based Thai Unknown Word Boundary
Identification Using Winnow.” In The Proceedings of the 1998 IEEE Asia-Pacific Conference
on Circuits and Systems (APCCAS’'98).

[26] Unicode Consortium. “Clarification of Bengali Reph and Ya-phalaa.” Retrieved from
http://unicode.org/versions/Unicode4.0.1/ on 27th April, 2007.

[27] Davis, M. and Whistler, K. (2006). “Unicode Normalization Forms” Retrieved from
http://Awww.unicode.org/reports/trl5/ on 24" May. 2007.

126 www.PANL10n.net



References

[28] Ethnologue.com "Dzongkha A Language of Bhutan" Retrieved from

http://www.ethnologue.com/show_language.asp?code=dzo on 14™ May 14, 2007

[29] Wikipedia “Dzongkha Language" Retrieved from http://en.wikipedia.org/wiki/Dzongkha on
14" May, 2007

[30] Omniglot.com. "Tibetan" Retrieved from http://www.omniglot.com/writing/tibetan.htm on 14"
May, 2007

[31] "The Tibetan Language Student" Retrieved from http://www.learntibetan.net/index.htm on
14" May 14, 2007

[32] "The Alphabet" Retrieved from http://www.geocities.com/Athens/Academy/9594/tibet. html on
14" May, 2007

[33] Geyleg, P (2007). “Collation in Dzongkha”, PAN Localization Working Papers 2004- 2007.
PAN Localization Project, National University of Computer and Emerging Sciences, Lahore,

Pakistan.
[34] Dzongkha Dictionary. Dzongkha Development Authority, Thimphu, Bhutan.

[35] “An Ordered List of Collation Elements for Sorting Unicode Dzongkha and Tibetan Data”
Retrieved from http://www.dit.gov.bt/guidelines/Dzongkha%20collation%20elements.pdf on 25"
May 2007

[36] “Dzongkha Collation Rules” Retrieved from http://www.panl10n.net/Presentations/Cambodia/
Pema/Collation(Bhutan).pdf on 25" May 2007

[37] Ethnologue.com. “Mongolian, Halh: A language of Mongolia.” Retrieved from

http://www.ethnologue.com/show language.asp?code=khk on 25th March, 2007.

[38] Ethnologue.com. “Mongolian, Peripheral: A language of China.” Retrieved from

http://www.ethnologue.com/show language.asp?code=mvf on 25th March, 2007.

[39] Omniglot.com. “Mongolian” Retrieved from http://www.omniglot.com/writing/mongolian.htm
on 25th March, 2007.

[40] Altangerel Damdinsuren (2000). A Modern Mongolian-English Dictionary. Interpress

Publishing, Ulaanbaatar, Mongolia.

www.PANL10n.net 127



A Study on Collation of Language from Developing Asia

[41] Ethnologue.com. “Sindhi: A language of  Pakistan.” Retrieved  from

http://www.ethnologue.com/show_language.asp?code=snd on 26th April, 2007.

[42 Omniglot.com. “Sindhi.” Retrieved from http://www.omniglot.com/writing/sindhi.htm on 26th
April, 2007.

[43] Bulchand, D. (1901), revised by Joyo, M. I. (2003). A Manual of Sindhi. Sindhi Language
Authority, Hyderabad, Pakistan.

[44] Mewaram, P. (1910). Sindhi-English Dictionary. Reprinted in 1991 by Sindh University

Press, Jamshoro, Pakistan.

[45] Ethnologue.com. “Sinhala: A language of Sri Lanka.” Retrieved from

http://www.ethnologue.com/show_language.asp?code=sin on 26th April, 2007.

[46] Disanayaka, J. B. (2003). Say it in Sinhala. Stamford Lake, Pannipitiya, Sri Lanka.

[47] Omniglot.com. “Sinhala Alphabet” Retrieved from http://www.omniglot.com/writing/
sinhala.htm on 25th April, 2007.

[48] Weerasinghe, A. R., Herath, D. L., Gamage, K. (2006). “The Sinhala Collation Sequence
and its Representation in Unicode.” In Localization Focus, Localization Research Center,

University of Limerick, Ireland.

[49] Carter, C. (1924). Sinhalese-English Dictionary. Reprinted in 2004 by Asian Educational

Services, New Dehli, India.

[50] Samaranayake, V. K., Nandasara, S. T. Disanayaka, J. B., Weerasinghe, A. R. and
Wijayawardhane, H. (2003). “An Introduction to Unicode For Sinhala Characters.” USCS
Technical Report 03/01, Colombo, Sri Lanka.

[51] Ethnologue.com. “Tamil: A language of India.” http://www.ethnologue.com/

show_language.asp?code=tam on 26th April, 2007.

[52] Omniglot.com. “Tamil.” Retrieved from http://www.omniglot.com/writing/tamil.htm on 26th
April, 2007.

[53] Sura Books (2005). Tamil-Tamil-English Dictionary. Sura Books, Anna Nagar, Chennai,

India.

128 www.PANL10n.net



References

[54] LIFCO (2005). Tamil-Tamil-English Dictionary. LIFCO, Chennai, India.

[55] Moore, R. (1998). “Introduction to Sinhalese Writing System.” Retrieved from http://www-
texdev.ics.mqg.edu.au/I2h/indic/Sinhala/lreport/node2.html on 28th April, 2007.

[56] Ethnologue.com. “Urdu.” Retrieved from http://www.ethnologue.com/show_language.asp
?code=urd on 26th March, 2007.

[57] Omniglot.com. “Urdu Alphabet.” Retrieved from http://www.omniglot.com/writing/Urdu.htm
on 26th March, 2007.

[58] Hussain, S. (2004). “Complexity of Asian Scripts: A Case Study of Nafees Nasta'leeq.” In
the Proceedings of SCALLA, Kathmandu, Nepal.

[59] Hussain, S. (2004). “Letter to Sound Rules for Urdu Text to Speech System.” In the
Proceedings of Workshop on Computational Approaches to Arabic Script-based Languages,
COLING 2004, Geneva, Switzerland.

[60] National Language Authority. Retrieved from http://www.nla.gov.pk on 7th June, 2007.

www.PANL10n.net 129



