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Abstract

This paper presents the process undertaken in
setting about the study and resolution of the
issues surrounding the localization of Domain
Names primarily for Sinhala, the methodology
adopted in translating Top Level Domains
(TLDs) to Sinhala, and technical issues related
to the implementation of a robust localized do-
main name system for Sinhala.
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1 Introduction

Implementation of Internet Domain Names in
Sinhala had been mooted for several years and
it has become a necessity in order to popularize
the use of Internet among the rural masses of
Sri Lanka. Some 74% of the 20 million popula-
tion of Sri Lanka count Sinhala as their first
language [Kar04]. Tamil, the second most spo-
ken language in Sri Lanka and spoken predomi-
nantly in the North and East of the country, is
the mother tongue of Tamils and a majority of
Muslims in the country. Both Sinhala and
Tamil languages have their own unique scripts
which have been encoded in UNICODE.

In this paper, the technical issues relating to
the implementation of domain names in Sinhala
and the methodology adopted for the translation
of Top-Level Domains (TLDs) are discussed in
detail. It is expected that this work will also
feed into the Tamil IDN work already underway
in India and Sri Lanka.

1.1 The process

English proficiency in Sri Lanka has been esti-
mated at only 10% prompting the Information
and  Communication Technology  Agency
(ICTA), the apex ICT policy making body in
Sri Lanka, to promote the use of Sinhala and
Tamil Unicode to enable the wider dissemina-
tion of ICT in the country. This effort draws
from work carried out by its predecessor the
Computer and Information Technology Council
(CINTEC) with technical assistance from the
University of Colombo. Subsequent initiatives of
popularizing Internet use in local languages have
been led through the active collaboration of the
University of Colombo School of Computing
(UCSC) and the Computer Science & Engineer-
ing Department of the University of Moratuwa
(UOM). More recently, the ICTA and the LK
Domain Registrar have been part of the global
discussion on the fast-track Internationalized
Domain Names (IDN) process. An ICTA com-
missioned working group, consisting of experts
from within itself, the UCSC, the UOM and the
LK Domain Registry (a subset of its Local Lan-
guage Working Group) has been looking into
issues relating to this process. The UCSC had
already undertaken a study of the issues of
translating generic top-level domains (gTLDs)
and country-code top-level domains (ccTLDs)
through the PAN Localization Project — an
IDRC funded project bringing together 10 Asian
countries in the region looking into various as-
pects of Localization. This work naturally fed
into the IDN working group of the ICTA re-
ferred to above.

The rest of this paper is organized as follows:
Section 2 gives an overview of the Sinhala writ-
ing system and the allowed characters to be a



part of a Sinhala domain name. Section 3 ex-
plains the domain name translation process.
Section 4 describes issues of implementing IDN
for Sinhala and proposes policies to resolve these
issues. Finally, Section 5 concludes and points
to future work.

2 Character set selection

This section presents a summary of the Sinhala
writing system and the allowed set of characters
in a Sinhala domain name.

2.1 The Sinhala writing system

The Sinhala character set has 18 vowels, 41 con-
sonants and 2 semi-consonants [Sta04] as shown
in Table 1.

Vowels and corresponding vowel modifiers
(within brackets):

& o) al0) @) 2(0) 3() (1) enls) =al-a)
aa(caa) e(00) e9(o0) (@) S(ed) ed(ees) d(ew) &
(@:d) ®a(@c9)

Consonants:
MODOBNVDOE S WSOV D BDOD»OCL
NECBODVWORVBOCDRBBEY E O &K
Semi-consonants: ¢ os

Special symbols: g o ©

Inherent vowel remover (Hal marker): £

Table 1: Sinhala character set

Sinhala characters are written left to right in
horizontal lines. Words are delimited by a space
in general. Vowels have corresponding full-
character forms when they appear in an abso-
lute initial position of a word. In other positions,
they appear as ‘strokes’ and, are used with con-
sonants to denote vowel modifiers. Sinhala has
conjunct letters too, though they are not widely
used today. A conjunct letter is formed by join-
ing another letter to a pure consonant (e.g.
S+e=ms). When consonants are combined with &
- /r/ or &- /j/, special conjunct symbols (non-
vocalic stokes) are used. & - /r/ immediately
following a consonant can be marked by the
symbol ‘g’ - which is known as Rakaransaya, is
added to the bottom of the consonant preceding
it. Similarly, & - /j/, immediately following a

consonant can be marked by the symbol ‘o’
which is known as Yansaya, is added to the
right-hand side of the consonant preceding it.
The symbol **’ - /r/ known as Repaya, symbol-
izes a &- /r/ preceding a consonant. In addition
to Repaya, Rakaransaya and Yansaya, few
other consonants can be written using the con-
junct form or non-conjunct form [Kar04] [Sta04].

These letters include =, =, =5, =, =, =, 9,

@ ,®,® and =o.

‘e’ - /ilu/ and ‘ese’ -/ilu:/ do not occur in
contemporary Sinhala [Dis91]. The vowels /o/
and /o:/, occur only in loan words of English
origin. Since there are no special symbols to rep-
resent them, frequently the ‘@’ vowel or ‘s’ letter
is used to symbolize them [Kar04].

Few letters in Sinhala can be used for writing
the ancient Indic language Pali, the lingua
franca of Buddhist Scripts. Although Pali is of-
ten written using Sinhala script, the style of
writing differs from the usual writing of Sinhala.
When letters are written in Pali language con-
vention, a pure consonant (letter with Halant)
followed by another consonant can be repre-
sented by writing the consonants touching each

other (e.g. ezs) [Sta04].

2.2 Allowed and disallowed charac-
ters

Sinhala character set has been standardized un-
der Unicode and the range is U-+0D80 to
U+0DFF [Sta04]. The table comprises of codes
for the semi-consonants (0D82-0D83), vowels
(0D85-0D96), consonants (0D9A-0DC6), the A/-
lakuna or Halant (0DCA), vowel signs (ODCF-
ODF3) and punctuation mark -Kundaliya
(ODF4). The key decision to be made here is the
allowed characters (codepoints) to be used in a
Sinhala domain name.

Sinhala belongs to the Indic family of lan-
guages and the Unicode implementation of Indic
languages requires the use of the Zero-Width-
Joiner (ZWJ) character for encoding representa-
tions of certain words. In IDNA2003, some of
the essential vowel modifiers have been disal-
lowed in Sinhala and other Indic languages with
the ZWJ being dropped in the preparation proc-
ess of U-label to A-label. This was not accept-
able to the majority of Indic languages including



Sinhala, where the same set of codepoints with
and without the ZWJ represents distinct word
forms within the language. This resulted in the
reformulation and release of the IDNA2008 pro-
posal [Kle08] by the IDN working group of
ICANN. In IDNA2008, all characters in Sinhala
have been allowed except for the stylistic period
of Sinhala: the Kundaliya.

More importantly IDNA2008 allows the ZWJ
to be accepted in context, based on rules which
would be introduced into CONTEXTJ. Accord-
ing to the IDNA2008 specification, currently
defined contextual rule only allows ZWJ to be
included between two characters from the same
script [Kle08].

In Sinhala, ZWJ is used to encode conjunct
letters and touching forms, albeit in a different
order to that used to represent conjunct letters
and ligatures. A conjunct letter is generally rep-
resented as: cons U+0DCA U+200D cons
(i.e. <consonant><Sinhala Sign Al-lakuna>
<ZWJ><consonant>), whereas the touching
letters are represented in the code sequence:
cons U+200D U+0DCA cons (i.e. <conso-
nant><ZWJ><Sinhala Sign Al-lakuna> <con-
sonant>). For an example, conjunct letter ‘=’
is encoded as: U+0DB1 U+0DCA U+200D

U+0DAF, and touching letters ‘azs’ are repre-
sented as: U+0DC3 U+200D U+0DCA U+0DC3.
On the basis of the above contextual analysis,
the authors propose following rule' to be in-
cluded in the IDNA2008 CONTEXTJ rules reg-
istry in order to allow both conjunct and touch-
ing letter forms in Sinhala domain names.

[\p(Script:Sinhala)] (\uODCA\u200D) |
(\u200D\uODCA) [\p(Script:Sinhala) ]

More stringent version of the above rule may
test only for Sinhala consonants to be allowed
on either side of (\uODCA\u200D) | (\u200D
\u0DCA) part. But, due to performance reasons,
matching for Sinhala letters should be sufficient.

In summary, allowing all characters except
the Kundaliya and the implementation of
CONTEXTJ rule described above will be suffi-
cient for successful implementation of Sinhala

! The rule is described in the Unicode Regular Expres-
sion notation.

domain names according to the IDNA2008 pro-
tocol. In addition, the digits and hyphen should
be allowed in Sinhala domain names.

3 Translating domain names

This section presents the translation, selection
and approval methodology which was developed
to unambiguously propose the most suitable
terms to be used as top-level domain names
(both generic and country) in Sinhala.

3.1 gTLD translation process

The approach of the translation process with
respect to gTLDs involves initially collecting as
many Sinhala terms and synonyms as possible
for each English ¢gTLD with the aid of dictionar-
ies and thesauri [Cop00] [Kar07] [Mal07] [Sil02]
[Sor99] [Sor06] [Wij82] [Wij84] [Wij05]. In the
next step, three Sinhala language scholars were
consulted to ensure the correct use of the terms
which were generated in the initial step. Simul-
taneously, appropriate short forms and abbre-
viations were obtained from the scholars for
gTLDs, and new words were coined where no
appropriate term was available in the above
generation process. In the final step, each Sin-
hala term was carefully analyzed in terms of
filtering criteria described in the section 3.1.1
and filtered above words to obtain five most
appropriate Sinhala terms for each gTLD. The
selected words are given in Table 2 of the Ap-
pendix.

3.1.1 Criteria for selecting best Sin-
hala terms for gTLDs

Following aspects of each term have been thor-
oughly analyzed for proposing the best terms. In
the following, a selection criterion followed by
an example is given. In each of these examples,
two Sinhala terms are the selected translations
of the gTLD given in the brackets. Out of these
two Sinhala terms, the first term satisfies the
given criterion.



e Length of the term (i.e. number of let-
ters) - absolute maximum of 6 characters:
e.g. »n) vs. @00 (.info)

e Number of keystrokes - absolute maxi-
mum of 6 keystrokes: e.g. den vs. ©®&co
(.mil)

e Typing convenience: adjacency of keys
and fingers used: e.g. ®oz vs. ¢®J (.aero)

e Use of Shift and AltGr keys: e.g. ¢¢ vs.
@@ (.mil)

e  Memorability: dBwo vs. Bes (.jobs)
e Sound symbolism: @ vs. »§¢ (.org)

¢ Meaningfulness: m»9ed vs. emenm®isw
(-museum)

e Appropriateness: ®80 vs. @08 (.tel)

e UNICODE storage and representation
(esp. the use of U+200D - ZWJ): 82 vs.
gsws (.edu)

e Abbreviation possibility: ese vs. e8>
(-org)

e Unambiguousness: 8 vs. end (.edu)

¢ Frequency of usage and contemporary
usage: & vs. e (.net)

e Familiarity: e=® vs. &S (.com)

3.2 ccTLD translation process

In selecting the most appropriate Sinhala
ccTLDs, a rather more algorithmic approach
was employed due to the phonetic nature of the
Sinhala language. For each country name, words
such as United and Island were stripped with
only the most significant name retained and
transliterated into Sinhala. The first two sylla-
bles of this transliterated name are extracted as
the ccTLD. In cases where the transliteration
above yields names consisting of two or more
space separated terms, the initial syllables of
each term are extracted to form the ccTLD. In
either case, an absolute maximum of 6 key-
strokes per ccTLD was allowed. If this process
resulted in more than one possible form, an in-
tuitive criterion was defined to propose the most
suitable Sinhala ccLTD for the country con-

cerned. This criterion takes into account the
number of keystrokes, familiarity with the exist-
ing English ccLTD, and the ability to perform
an intelligent guess among others. The complete
list of proposed Sinhala ccLLTDs is available at:
http://www.ucsc.cmb.ac.lk/ltrl/publ
ic/ccltd.htm.

4 Technical issues of implemen-
tation

4.1 Homoglyps

An analysis of a 10 million word corpus of Sin-
hala shows that characters: U+0D8E - eaa /rii/,
U+0D8F - o /ilu/, U+0D90 - e /iluu/,
U+0DAG6 - o /"dzo/ have occurred zero times.
This result shows that the use of above charac-
ters in Sinhala domain names may not be neces-
sary. Especially, the character U+0D8E - e
looks similar to U+0DB4 - s /po/ which is a
frequently used character.

A careful visual inspection of Sinhala letters
revealed that some of the characters of Sinhala
Alphabet are prone to phishing attacks due to
their visual similarities, especially when they are
displayed in the default address bar of browsers.
These characters are presented in the Table 6 of
the Appendix. In addition, shapes of several
Sinhala characters are found to be visually simi-
lar to letters in other Indic languages. These
characters are presented in the Table 7 of the
Appendix.

Solutions to homoglyph attacks may range
from simple n-gram or dictionary based algo-
rithms to advance natural language processing
and image processing techniques. However, such
fully-automated approaches are impractical, or
ineffective in the domain name registration
process. Therefore, policies should be formulated
in order to reduce the vulnerability of homo-
glyph attacks. IDNA is an end-application fo-
cused solution. Especially, browsers play a ma-
jor role in IDN implementation. Two simple so-
lutions to reduce the risk of phishing include
prohibiting the use of stylistic fonts when dis-
playing IDNs and increasing the font size of ad-
dress bar of browsers. A good feature to imple-
ment in browsers is that a pop-up window to



display the IDN in a bigger font size upon the
identification of the IDN (by ACE prefix or
Unicode characters) as it is being entered into
address bar of a browser. Therefore, providing a
feature such as the above will help user to dis-
tinguish and recognize characters easily. The
other possibility is that, local registrars can im-
plement a policy which allows users to reserve
or block IDNs with obvious homoglyphs, for a
small marginal pay. This solution will help to
overcome any processing overheads in the regis-
trars’ end.

4.2 Mixing of scripts

Though IDN2008 fast-track process prohibits
mixing scripts in an Internationalized domain
names, there is a possibility that future revisions
may allow mixing of scripts.

Since Sinhala and Tamil are both national
languages in Sri Lanka, authors had looked
deeply into the mixing of both languages in the
registration of Internet Domains. It was found
that Tamil and Sinhala will not have multi let-
ter homoglyphs. Thus, mixing of Tamil and
Sinhala characters should be allowed, as it
would not cause any problems. However, mixing
Latin script with Sinhala script pose a phishing
threat as English letter ‘o’ may looks similar to
Sinhala letter Anusvaraya ‘co’. (e.g. as in
http:// Scom=s.9oxs, where third letter is actu-
ally simple letter ‘0’). There exist two solutions
to this problem. First one is to define a CON-
TEXTJ rule to restrict the use of English letter
‘o’ in between Sinhala characters. The second
one is to allow user to reserve or block the
mixed script domain name which has letter ‘o’
in between Sinhala characters, by paying a little
extra cost. However, owing to technical imple-
mentation difficulties associated with the first
option, the authors recommend the latter op-
tion.

4.3 Multiple forms of the same word
(phonetic variants)

In Sinhala, certain words can be written in
many forms like in other Indic and Arabic lan-
guages. These words can be further divided into

four categories based on their method of forma-
tion.

4.3.1 Existence of conjunct form and
non-conjunction form

Several words can be written in their conjunct
forms and non-conjunct forms. Some examples
are given below: (Conjunct letter is included in
the first word) {emdpws, Hednw}, {Owzwd,
Osternd}, {exd, wid}.

4.3.2 Words with Yansaya, Rakaran-
saya and Repaya (Reph)

A comprehensive analysis of a ten million word
corpus revealed that certain words with Yan-
saya, Rakaransaya and Repaya’ may appear in
different orthographic representations. These
characters are encoded with the use of the ZWJ.

The Rakaransaya is encoded by the codepoint
sequence: <consonant> U+0DCA U+200D
U+0DBB. Similarly, The Yansaya is represented
by the codepoint sequence <consonant>
U+0DCA U+200D U+0DBA. The Repaya is en-
coded as U+0DBB U+0DCA U+200D <conso-
nant>, where U+200D is the ZWJ [Sta04]. In
certain situations one can elect not to use the
above non-vocalic strokes but to use their un-
derlying representation of letters ‘s’ and ‘e’. In
this case, the ZWJ should be omitted. (e.g.
ouiost and o3, both form are valid and accept-
able, similarly both 8dusf and 8eysf are consid-
ered valid and acceptable). As such, a word
comprised of above character can be written in
two different forms if desired, though the gen-
eral practice is to use the conjunct symbols: Ra-
karansaya and Yansaya.

The Repaya is used to represent the letter ‘s’
preceding a consonant. Use of the Repaya is op-
tional and it is not used in modern script,
though one may decide to use Repaya in a do-
main name (e.g. both @&« and @@ are valid,
where 28w is written using the Repaya). Fur-
thermore, the pair of letters ‘e’ can be written

% See Section 2.1 for the definitions of Yansaya, Rakaran-
saya and Repaya.



¢

in three different ways when second letter ‘e’ is
not associated with vowel modifiers: ‘¢’ /e:/ and
‘@ Jo:/ (ie. ‘ed’, ‘@wd’). The three forms are
‘e’ ‘@’ and ‘5e’ where last form is the popular
contemporary usage form (e.g. ae®, ad, e all
are valid and represent the same word and the
meaning).

4.3.3 Touching form for PALI

One may want to retain either the classical Pali
touching letter form exactly as found in sacred
Buddhist books (e.g. %) or in separate letter
form (e.g. §¢a) in a Sinhala domain name.

It is worthy to mention that some pairs of
letters can be written in all three forms: normal,
touching and conjunct (e.g., o, @ and @).

4.3.4 Spelling variants

Some spelling variants are considered equally
correct. Phonetic similarity provides clues to
detect real-word spelling variants. Few examples
for this category include, {c®®®, c-=0},
{m@ow, 25)@3303}, {25)306338, zs)ooeaaa}, {e.%@os, a@i@w}
and {ewws, ewcws}.

The ability to write same words in different
forms cause serious IDN implementation prob-
lems. For an example, the word Q&8¢ can
take up to 6 valid forms: {Q®owd, @GS,
DE@DsH, BB, BB, dEeS}. When
combined several such words together as in a
domain name, may produce unpredictable num-
ber of valid domain names as explained by the
following example:

e Valid forms of the 1st word: { w&sed,
w8ed} meaning Harsha’s (Harsha is a
person name)

e Valid forms of the 2nd word: {mwchcws,

mBocw, mEwice} meaning office

e Possible valid combined forms:

{vsedmthcas, vSvedmBice,

w8sedmEBce, vdodmwhEa,
»8edmBicw, v8edmbwice} meaning
Harsha’s office.

Every domain name has a business value, and
thus it is necessary to establish a policy with
regard to words with multiple forms. The au-
thors propose following policy to be imple-
mented.

The policy should allow user to request the
preferred form among the multiple forms, from
the domain name registrar. Then, the domain
registrar can register the requested domain
name if it satisfies other policies and conditions.
Upon proving the requested domain name has
multiple forms, the registrar should allow the
user to reserve each additional form by paying a
reasonable additional cost. This policy will re-
duce the burden of the domain name registrar
by forcing the user to deal with the words that
have multiple forms.

4.4 Issues in browsers

A test was designed to determine the level of
various browsers’ support for Internationalized
Domain Names. Especially to identify the issues
related to manipulation of Sinhala domain
names in commonly used browsers.

The test consists of entering two (non-
existent) Sinhala domain names (U-labels), and
two valid A-labels into the default address bar
of several popular browsers, and examine the
behavior of browsers in manipulating Sinhala
domain names. Test cases are given in the Table
3 of the Appendix.

The above tests were designed to identify
whether CONTEXTJ rules have been imple-
mented in browsers or not. In addition, the tests
were also useful in identifying rendering issues
of Sinhala characters in browsers.

Test results have been divided into two parts
and given in Table 4 and Table 5. Table 4
summarizes the results of Test #1 and Test #2,
while Table 5 summarizes the results of Test #3
and Test #4.

Common observation in all browsers is that, a
browser will always convert a U-label into an A-
label and display the corresponding A-label in
the address bar. When an A-label is entered in
the address bar (as in the test cases #3 and
#4), ideally a browser should convert it into
corresponding U-label by default [Kle08]. How-



ever, this did not happen in the browsers chosen
for this test. A simple hack’ will enable A-label
to U-label conversion process in Firefox browser.
Firefox maintains a ‘white-list’ of IDNA suppor-
tive scripts. Once Sinhala is included into that
list, Firefox converts Sinhala A-labels into U-
labels and displays U-labels in the address bar.
However, even with this modification, Firefox
failed the Test #4 - as it contained a ZWJ
character. The above tests revealed that current
browsers considered in these tests cannot ma-
nipulate IDNs with ZWJ. Thus, from these
tests, it can be concluded that still all most all
popular browsers do not confirm to IDNA2008
implementation, hence they lack support for
Sinhala domain names.

IDNA is an application driven process. There-
fore, in order to implement internationalized
domain names successfully, these applications
must conform to the latest revisions of
IDNA2008 protocol. Furthermore, any script
specific issues such as rendering problems have
to be solved. Browsers play a major role in im-
plementing IDNA. Therefore, web browser de-
velopers should frequently modify their browsers
to accommodate the changes introduced in the
latest revisions of IDNA protocol.

5 Conclusion and future direc-
tions

It has been planned to implement International
domain names in Sinhala by the early 2009. Al-
though it is technically possible to implement
Sinhala domain names by that time, many poli-
cies have to be formulated and certain technical
issues have to be ironed out for the successful
implementation of Sinhala domain names as
pointed out in the paper. Although some work
had been carried out for the identification of
technical and non-technical issues for the im-
plementation of IDNs, certain issues have yet to
be delved deeply such as translation issues for
secondary level domain names. Therefore future
work is necessary for the following:

3 See http://www.mozilla.org/projects/security/tld-idn-
policy-list.html for details.

e Translation issues - Secondary level do-
main names

e Translation of resources of Internet such
as www, ftp etc from English to Sinhala

e Policies on rude words and the use of
slang words in IDN

¢ And to formulate continuous monitoring
process for issues relating to IDNs and
new domain names.

In concluding, this paper describes in detail a
robust process identified and undertaken to ar-
rive at a stable and acceptable solution to In-
ternationalized Domain Names in Sinhala. It
also enumerates the main issues to be faced and
resolved in the IDN process for scripts of non-
Latin languages. In particular it sets out a
strategy and a systematic process, considering
both human and technical factors, for providing
a sustainable IDN solution for languages espe-
cially belonging to the Indic family.
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Appendix
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Table 2: Selected gTLDs

Test No. | Sinhala Domain Name Description

1 http://eced.lk U-label that does not contain ZWJ.

2 http://Bcemo.gov U-label that contains ZWJ.

3 http://xn--10ckhb0f.1k A-label generated from a string that does not
contain ZWJ (i.e. A-Label equivalent to
http://essesd.1k)

4 http:// xn--fzc2c3eis8cxb2a6013b.gov | A-label generated from a string that contains

ZWJ.
(i.e. A-Label equivalent to http://
http://8cemo.g0v)

Table 3. Sinhala domain name test cases for browsers




Typ-

ing/Rendering Label displayed in the
Browser ISSl{eS in Ad- A-label address bar
dress Bar
Firefox ver Test 1 | None http://xn--10ckhbOf.lk | http://xn--10ckhbOf.1k
sion 3.0.1 Test 2 None http://xn-- http://xn--
fzc2c3eis8cxb2a.gov fzc2c3eis8cxb2a.gov
Internet Ex- Test 1 | None http://xn--10ckhbOf.lk | http://xn--10ckhb0f.lk
plorer 8 Test 2 None http://xn-- http://xn--
(Beta) o fzc2c3eis8cxb2a.gov fzc2c3eis8cxb2a.gov
Test 1 | None http://xn--10ckhb0f.lk/ | http://xn--10ckhb0f.1k
Does not render
Safari 1.3.1 Test 2 characters with | http://xn-- http:/ /xn--
ZWJ. fzc2c3eis8cxb2a.gov fzc2c3eis8cxb2a.gov
€.8.33Em0.Z0V
Test 1 | None http://xn--10ckhbOf.lk | http://xn--10ckhb0f.1k
Opera 9.6 Does not render
(Beta) Test 2 characters with | http://xn-- http://xn--
ZWJ]. e.g. fzc2c3eis8cxb2a.gov fzc2c3eis8cxb2a.gov
@B Eom0.60V
Extra spaces in
Test 1 | domain name. http://xn--10ckhbOf.lk | http://xn--10ckhb0f.1k
Google eg wd wd lk
Chrome Extra spaces in
0.2.149.29 Test 2 domain name http://xn-- http://xn--
e.g. §eomo. fzc2c3eis8cxb2a.gov fzc2c3eis8cxb2a.gov
gov

Table 4: Test #1 and Test #2 :U-label to A-Label conversion process




Browser Label displayed in the address bar/Browser response
Test
Firefox ver- 3 http://xn--10ckhbOf.1k
sion 3.0.1 ;feSt http:/ /xn--fzc2c3eis8cxb2a6013b.gov
Internet Ex- ?f)[‘est http://xn--10ckhbOf .1k /
p(lg;;)S Test | Gives message:
4 http:/ /xn--fzc2c3eis8cxb2a6013b.gov/ is currently unavailable
ge“ http://xn--10ckhbOf.Ik/
Safari 1.3.1 Tost
A % | http:/ /xn-—fzc2c3eis8exb2a6013b.gov
Test
Opera 9.6 3 http://xn--10ckhbOf.1k
(Beta) Test | Gives message: The URL http://xn--fzc2c3eis8cxb2a6013b.gov/ con-
4 tains characters that are not valid in the location they are found.
Google ;FeSt http://xn--10ckhbOf.1k
Chrome Tost
0.2.149.29 A S| http:/ /xn--fzc2c3eis8cxb2a6013b.gov

Table 5: A-label to U-label conversion process




Visually Visually Correct Visually Correct
Identical | Identical Term(s) Identical Term(s)
Characters | Term(s) Term(s)
-2 DO-5»0 DO-501F QO-2OB DNO-2O
-8 22O 208® S ALC) [SaAC)
- G55 &8O goon® goSHO
- RS EED EdALETo) (a4 lo)
esa - ¢ esa€ eaeh €530 83280
R-® emE® eE® e™IC® emIC®
® - 30 GO fedole) IO
®-® OB POD 9B olote)
©-9 IS @05 &O® [~13L)]
6 - e3®0e8s e3®ae5es (IO ]6] [Oe]6]
-9 SlcyoYe] domd demd ded
-0 B3 oeBR3 [Slta]e) DeBD
- PoYSLole] DOOC tn1a]9le) 20006
-8 DRV DRVEO DO DO
a-a NSl O] gR®TOR ER®TOB
0-8 »OOJ »OOS (oIALle) 2OOO
®-® a®dedd 2®5edd G®oesd #®06ed
D-d 80w Ao BEABOG BEAHOB
d-9 8dc ud¢c ode 8
9-9 5HOBHO HOHO 20>® OO
9-0 D 0emog D0emg Ocdem@ RIREINC
-9 RENe) RIe] L1ale) Rl
=0 - 2 R EB RS E=0B [5ledatn o) S ledein o)
Q-8 g dg g Qe]
-8 OO S ) @B CRIE)
-8 @000 @00 6B 6B
8-8 28083 8985y 08 S» FRRETE)
& - & 510 5106 (e1de)o) [S{e¥on)
3-8 a8 a8 €50 e
8-8 18d48n 9848m 838 0838
8-3 ) LAt 4] e
< - R e e S S
g, - %, eddedeg, R Beer BRORRXT X, oDRe ey
B -® RGHIES BGEE QUG OB
99 g8®Hdw 89w 5O®OG [SEoleIORIN)
2-2 QESHBE® QSSmE® QOHHDEG AOHE
9 - 9

Table 6: Homoglyphs within the Sinhala script




Script Glyph Confusing Sinhala Glyph
Bengali > ®
(U4098C) (U+0DC0)
Gujarati " )
(U+0D9C) (U+0DD4)
(U+0AB3)
Gujarati » =¥
(U+0DB1) (U+0DCA)
(U+0A9D)
Telugu ) )
(U+0DB6)
(U+0COE)
Telugu 3 )
(U+0DB6) (U+0DCA)
(U+0C28)
Telugu P &
(U+0DC3)
(U40C2C)
Telugu Pot &
(U+0DBB) (U+0DCA)
(U+0C30)
Telugu 3 )
(U+0DB6) (U+0DCA)
(U+0C35)
Kannada N Q
(U+0DBO0)
U+0C8E)
Kannada 2) e
(U+0DC3)
U+0CAC)
Malayalam & =
(U+0D15) (U+0D9A)
Malayalam n ®
U +0D17) U-+0D9C)
Malayalam m )
(U+0D28) (U+0DC6)

Table 7: Homoglpys in other scripts




