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Note on pronunciation of x◦ındyNote on pronunciation of x◦ındy

Czech: ks

English: usually as z

Hindi: as ks. , l#mF can be transliterated either Lakshmi or
Laxmi

Chinese: as sh

Russian: å¨­¤¨ (meaning Hindi)

x◦ındy sorts Hindi



MakeIndexMakeIndex

• version for English and German

• CSIndex – version for Czech and Slovak

• unpublished version for Sanskrit (Mark Csernel)

Tables defining the sort algorithm are hard-wired in the pro-
gram source code. Modification for other languages is difficult
and leads rather to confusion than to development of a univer-
sal tool.



InternationalMakeIndexInternationalMakeIndex

• Tables defining the sort algorithm present in external
files.

• Sort rules defined by regular expressions.



x◦ındyx◦ındy

• Program written in Common LISP.

• Definition tables in external files.

• Tables in the LISP syntax are generated from a human
readable files by perl script make-rules.pl

• x◦ındy is usable not only in TEX and deals with more
complex problems than MakeIndex.
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TEX a indic languagesTEX a indic languages

• Indic languages make use of non-latin scripts:

– derived from brāhmī
– modified and extended arabic script (Urdu, Kash-

miri)

Lowercase and uppercase not used.

• Two approaches:

1. Latin transliteration
2. Unicode
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Examples of transliterationsExamples of transliterations

• Velthuis Devanāgarī for TEX: Sanskrit, Hindi, Marathi,
Nepali, Bhojpuri, Maithili, . . .

• Similar transliteration for bengālī and for gurmukhī (Pan-
jabi language)

• ITRANS for devanāgarī, bengālī, gurmukhī (no longer
supported)

• System not based on TEX: IITK (used for Hindi and
Marathi by Resource Center for Indian Language Tech-
nology Solutions, Indian Institute of Technology Bom-
bay)



Usage of transliteration systemsUsage of transliteration systems

• Input for an indexing software in a transliteration.

• Output from an indexing software will be processed
by a program that expects the text in the very same
transliteration.

The indexing software should work directly in the translitera-
tion otherwise we would need two more code conversions.



Work in UnicodeWork in Unicode

Ω-TEX a X ETEX work internally in Unicode, input and output is
usually in Unicode (UTF-8, UTF-16).

Indexing software should work in Unicode.



Alphabetical sorting in CzechAlphabetical sorting in Czech

1. Accented characters: č, ř, š, ž; conjunct ch

2. Other accented characters distinguished only if the words
are otherwise equal:
plast < plást < plat < plát < platno < plátno <
platnost

3. Lowercase/uppercase,
formerly:
daněk< Daněk< rybička< Rybička< sojka< Sojka
now:
Daněk< daněk< Rybička< rybička< Sojka< sojka

Two uppercase variants of ch: Ch, CH.



x◦ındy featuresx◦ındy features

1. Definition of alphabet elements including conjuncts (lig-
atures).

2. Definition of sort order.

3. Definition of equivalences (accented characters).

4. Ligatures (e. g. ß in German).

5. Ordering uppercase and lowercase (aA, Aa).

6. Usage of the same rules in different encodings (UTF-8,
ISO 8859-2, CP 1250, CP 852).



Alphabetical sort order in Indic languagesAlphabetical sort order in Indic languages

1. Vowels \ , a aA i I u U � �  � e e� ao aO

2. Consonants according to position of pronunciation

• k (gutural, k\W+ , kvg
)
• c (palatal, tAl&y , cvg
)
• t. (retroflex, m� D
�y , Vvg
)
• t (dental, d\(y , tvg
)
• p (labial, ao	W+ , pvg
)
• y (liquids, a\t-T)
• ś (sibilants, U	m)
• h (aspirate, s\GqF
)
• special conjuncts ks. and jñ in some languages



Sort order of vowelsSort order of vowels

Short and long vowels are distinguished.

agr < aA

(agar < ā)

km < kA

(kam < kā)



Sort order of anusvara and candrabinduSort order of anusvara and candrabindu

aA K < aAkAf

pl\g < pl g < pl

s\Bv < s BAl < s\BAvnA < sc < sBF

kAm < Ek\t� < Ek < EktAb

n\gA < n < ngr

i\dý Dn� q < iDr < uDr < U V < Upr



Consonants with nuktasConsonants with nuktas

Nukta is treated similarly as an acute accent in Czech:

k� t� b < *� t� b < *� t� bn� mA < k� �A

(kutub < qutub < qutub’numā < kuttā)

Translation: books (Arabic internal plural); pole, the pole
star; compass; dog

KAnA < �AnA

(khānā < khānā)

Translation: meal; house



Properties of UnicodeProperties of Unicode

• Independent and dependent vowels distinguished:
aAsAn = āsān

• Inherent a after a consonant can be changed by amatra
sign or suppressed by a virama: p = pa, p� = pu, p� = pe,
p̂ = p

• Conjuncts formed by inserting a virama between conso-
nants: fE?t = fEÄ = f + k + ^ + t + E



Solution in UnicodeSolution in Unicode

1. Candrabindu treated as if it were an uppercase variant
of anusvara

2. Characters with anusvara and candrabindu precede the
corresponding character but belong to the same group
(aA K will be in group aA)

3. Characters with nuktas defines as ligatures in order to
simplify the rules

4. Lowercase characters precede uppercase



Part of the Hindi definition tablePart of the Hindi definition table

$alphabet = [
���
[’ aA ’, [’ aA\ ’, ’ aA ’]],
[’ aA ’, [’ aA ’]],
���
[’ I ’, [’ � ’]],
[’ I ’, [’ I ]],
���
[’ k ’, [’ k\ ’, ’ k ’]],
[’ k ’, [’ k ’]],
���

[’A’, [’A\’, ’A ’]],
[’A’, [’A’]]
���
[’̂ ’, [’ ^ ’],
];

$ligatures = [
[[’*’], ’after’, [[’k’]]],
[[’�’], ’after’, [[’K’]]],
���
];

$sortcase = ’aA’;



This table will correctly sort:

kI < kl < EktAb < kF < k� aA < k� �A

Translation: several; yesterday/tomorrow; abook; . . . ; awell;
a dog



Problems with nuktasProblems with nuktas

Although characters with nuktas such as * , ) , w , x , '
are defined in Unicode, some people write them as the base
consonant followed by combining diacritical mark U+093C.

Handled optionally by -M dvngnukta (not loaded automatically)

Sample PDF file available!



Properties of transliterationsProperties of transliterations

Examples given in Velthuis transliteration

• Independent and dependent vowels not distinguished:
aAsAn = AsAn

• Inherent a must always be written: km = kam
• Conjuncts formed by writing consonants adjacent to

each other: -/F = strI, p"F = pak.sI
• Duality possible in some transliterations:

B� Em = BUmi = bhuumi = Buumi = bhUmi

Transliterations differ by assignment of Latin characters:
(pAW+p� -tk = pA.thyapustak [Velthuis], pATyapuswaka [IITK]).



Solution for transliterationsSolution for transliterations

1. Perl scripts for conversion from UTF-8⇒ transliteration
(Velthuis, IITK)

2. Definition file written in UTF-8 (using independent vow-
els)

3. Definition file converted to a transliteration
4. Converted file translated bymake-rules.pl to the LISP

syntax for x◦ındy
5. Duality handled in merge rules: aa sorted as A, bh

sorted as B. The same mechanism is used to handle TEX
sequences generated by the inputenc package.



Merge rules for Velthuis transliterationMerge rules for Velthuis transliteration
(merge-rule "aa" "A" :string)
(merge-rule "ii" "I" :string)
(merge-rule "uu" "U" :string)
(merge-rule "kh" "K" :string)
(merge-rule "gh" "G" :string)
(merge-rule "ch" "C" :string)
(merge-rule "jh" "J" :string)
(merge-rule "th" "T" :string)
(merge-rule "dh" "D" :string)
(merge-rule "ph" "P" :string)
(merge-rule "bh" "B" :string)
(merge-rule ".m" "M" :string)
(merge-rule "~~m" "/" :string)
(merge-rule "&" "_" :string)



Problem of :Problem of :

Its alphabetical order is not defined in dictionaries.

Eh\dF -c�k fNdkof lists it as the aom̂ word.

It therefore seems that : is a symbol, not a character. It is
not defined as an alphabet element.



Problem of aA�Problem of aA�

aA� is not an original character in Indic scripts and textbooks
and dictionaries do not define its alphabetic position. It was
introduced to transliterate words of English origin. However,
words as aA�E's , aA�yl etc. are widely used nowadays.

Currently it is treated as if it were an uppercase variant of aA.



Problem of viramasProblem of viramas

Ambiguities in dictionaries:

mhAn̂ < mhAngr < mhAn� BAv

vAE*yA < vAk̂ < vA?Cl



Devanāgarī numeric location classDevanāgarī numeric location class

Difficult to handle, needs to be programmed in LISP.

Handled by TECkit map in X ELATEX, arabic numbering used in
the document but the map displays it in Devanāgarī



Markup rules for Velthuis transliterationMarkup rules for Velthuis transliteration

(markup-index :open
"\begin{theindex}

\providecommand*\lettergroupDefault[1]{}
\providecommand*\lettergroup[1]{%

\par\textbf{#1}\par
\nopagebreak

}
@modernhindi

{\dn\dnnum
"

:close "~n~n}\end{theindex}~n"
:tree)



Current statusCurrent status

• Development system built as a reusable tool allowing

– addition of languages
– addition of transliterations

• Hindi and Marathi finished, just final check needed

• Works in TEX Live 2008 and 2009 but not 2010, should
not be difficult to make it work

• Almost ready for inclusion into x◦ındy distribution

• URL of the β-version:
http://icebearsoft.euweb.cz/xindy-devanagari/



: t(st̂: t(st̂


