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Abstract. RDF uses the RFC3066 standard for language tags for diteral
natural languages. The revision RFC3066bis includes productee ofi
language, country and script codes. These form an impli@togyt of natural
languages for marking-up texts. Relating each language tagclaisses of
appropriately tagged literals allows this implicit ontgpldo be made explicit as
an ontology in OWL in which every class in the ontologyaidatarange. The
treatment extends to XML Literals, which may have ipldt embedded
language tags. Further features of RFC3066bis such as #tienship with
deprecated codes, language ranges and language tag fallbdimk egoressed
in OWL. A small change to the RDF model theory is sugge® permit access
to the language tag in the formal semantics, giving ¢hi®logy a precise
formal meaning. lllustrative use cases refer to figenglish, Japanese, Chinese
and Klingon texts.

1 Introduction

RDF, the foundation of the Semantic Web standards, has pomrision for the use
of natural language text from multiple languages, distingdidby use of language
tags. This is a minimal requirement, made explicit in [Bf a knowledge
representation language which is intended for interoperaldleomsa World Wide
scale. This provision depends on XML, which in turn depemd¥Ré-C 1766 or its
successofsthe IETF is in the process of updating that track WREFC 3066bis [3].

RFC 3066bis contains the significant advance of a genexattedogy of language
identification, and this paper explores the natural stepxpfessing that ontology
using the Web Ontology Language (OWL). In addition, RFC 3068inid the earlier
versions) connect various registries etc. Correctdepends on some detailed expert
knowledge. We show how that expert knowledge can be exdregtgin OWL,
making it easier for non-experts to correctly fornIl@WL expressions for text with
specific linguistic properties.

We use three example use cases throughout the paper, andsttateohow the
advances we propose help construct better Semantic Welradions, in which
linguistic knowledge is captured in OWL, rather than apgitbn code.

This paper introduces a few properties and a large nunfbelagses, using a
variety of namespaces. We use the following namespacegwéfifl: rdfl-
dfit:  core-lang:  xmllit-all-lang:  xmllit-some-lang:
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xmllit-main-lang: presentable-lang: lang-range: , but omit their
binding to mutually distinct URIs. Such a binding is assdm

2 ThreeUse Cases

2.1 Appropriate Display of Labes

This use case is described in the OWL Requirements [Fma&ic Web application
has data to be displayed to an end user. Many of the resdarthe knowledge base
are to be displayed using one of the valueslistlabel , selected to make a good
match between the linguistic capabilities of the end-wsel the language tag
associated with that particular text string. A simplifiedraple of such labels taken
from the OWL Test Cases [6] is:
<owl:Class rdf:ID="ShakespearePlay">
<rdfs:label xml:lang="it">Opere di Shakespeare</r dfs:label>
<rdfs:label rdf.parseType="Literal"><span
xml:lang="ja"> 00000000<ruby>
<rbc><rb> O</rb><rb> O</rb></rbc>
<rtc><rt> O0<Irt><rt>  OJO</rt></rtc>
</ruby></span></rdfs:label>
</owl:Class>
We consider a specific end user: Brian who is a mdtiregue English speaker, with
a good knowledge of Japanese, can read Kanji, and hencead@nsome sense of
any language written in traditional Chinese characterstilheemembers some of his
schoolboy French.

2.2 Finding all Klingon text in aknowledge base

A Star trek fan wishes to search an RDF knowledge lmasalfthe Klingon text in it,
and then to explore the knowledge base from these resourc

2.3 Multilingual Knowledge Base Construction

An open source Semantic Web knowledge base is developedordject started in
the US, and all the natural language text strings in i¢ eeen tagged den-US”
(following RDF Concepts [1] and RFC3066bis [3]). Othermléerals, with text that
is not intended as natural language are marked up witlertigty language tag.
Gradually groups of Chinese developers (some from thelanal and other groups
from Taiwan) become involved. Their typical interisstn using some subset of the
knowledge base, possibly with some additional axiomgeMer, each group has a
specific application in mind, involving specific queries whieturn literal values for
end-user presentation. Also, depending on the intended afstrse application, the
presented text must be available in English or traditi&@i@hese or simplified
Chinese or some combination. Clearly, some of the ldgees will need to add
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traditional Chinese literals corresponding to the nabiUS English literals; others
will need to add simplified Chinese; but precisely wliteis necessanto translate
which literals can only really be determined by asking $ML®@easoner the relevant
gueries and comparing the results for the various naturglibges.

3 Languageand Text in the Semantic Web Recommendations

RDF and OWL use literal nodes for natural language teteérdl nodes are either
plain literals or typed literals.

3.1 PlainLiteralsin RDF

A plain literal is a Unicode string paired with an optiolaaiguage tag [1]. For natural
language text, the tag should be used in accordance Wb B066 (or its
successors). A plain literal without a tag is simplyténg and, like data of type
xsd:string it is not appropriate for natural language text, whichy mean
different things in different languages. There is no suppdtin RDF or OWL
semantics for language tags, other than the abilitystonguish literals that differ in
language tag (case insensitively).

3.2 XML Literalsin RDF

For some natural language text it is beneficial to uséiadal markup, for example
for indicating bi-directional text or Ruby [7] markup (seentle earlier Japanese
example). These are typed literals and hence do notdraexplicit language tag,
however language information may be embedded within the litsiagjxml:lang
However, there may be more than one sxetilang , each of which will have
different parts of the XML literal in its scope; or evénthere is exactly one
xml:ilang , there may be some text that is outside its scope.

3.3 OWL DataRanges

OWL does provide support for describing classes consistiticely of literals. These
are classes with typewl:DataRange . A significant difference from RDF
datatypes in that plain literals as well as typed litarey belong to a datarange.

There is only explicit support for finite sets of literaand no encouragement to
use class expressions. In OWL Full, however, it is ptssio construct class
expressions from dataranges usewj:unionOf |, owl:intersectionOf and
owl:complementOf  and dataranges can be infinite and can be named. We wil
make extensive use of these capabilities.
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4 Language Tagsand their Generative Capacity

RFC 3066bis [3] is (currently) an Internet-Draft that expaadd redefines the
language tags used bymlilang and other applications. The basic goal of a
language tag is to identify the natural language of cdoritea machine accessible
manner and the design of RFC 3066bis improves this cépabil

The structure of all RFC 1766 and successor language tagseises of subtags
with an assigned meaning for each type of subtag. The catiobirod subtags forms
a very rough ontology that approximates the historicadgggphical, and linguistic
distinction of various natural languages and their diglect

Prior to RFC 3066bis, all language tags fell into two categoti) generative tags
made up of a language subtag and optional country code; 2) regitigs that must
be considered as a singular unit.

RFC 3066bis changes the structure of the registry so thaetherative mechanism
is always applicable and greatly restricts the abild register tags. The highly
generative structure makes language tags into a much mbust rontological
structure on which to base applications (such as thedmsesibed here).

Tags under the new scheme are comprised of five siyjpag, plus user-defined
extensions. Each subtag must appear in a specific positioniaigp and has unique
length and content restrictions. Thus it is always passdidentify each subtag and
assign it meaning (even without access to the undertengdards). The four subtag
types are: 1) language subtags defined by 1SO 639-1 or ISO 639eXte)ded
language subtags which are reserved for possible use V@atB38-3 in the future; 3)
script subtags defined by ISO 15924; 4) region subtags defined by |8 &166 or
by the UN M.49 region codes; and 5) variant subtags whichdefined either by
registration with IANA or by private use subtags for spe&kpert use.

Thus an example RFC 3066bis tag looks something like:

en-Latn-US-boont-x-anExtension

zh-s-min-s-nan-Hant-CN
The structure of a tag is described by this BNF notation:

Lang*[-s-extlang][-script][-region][-variant][-X*[- extension]]

5 TheUse Caseswith Current Technology

To motivate the rest of the paper, we show the ditichs of the current
recommendations when faced with these simple tests.

5.1 Appropriate Display of Labes

Brian has clear, but complex linguistic preferences:Eaplish, from whatever
geographical region, with a preference for British Ehgl2) Japanese, in whatever
script. 3) Any language in traditional Chinese script 4) éen

Each of these corresponds to a number of possible laadags; all but the third
correspond to what RFC 3066bis calls a language range. Houlese is no support
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for language ranges in RDF or OWL. The third case,rgpts@nge’ is not covered by
RFC 3066bis, either. So, despite the ontological capabitifiboth RFC 3066bis and
OWL, someone, (either Brian or the application developeeds to turn each of these
preferences into either a list of explicit alternativasa wildcard matching; and then
the application developer needs to write custom code endtbplay routine that
selects all the known labels of a resource andtfiecbest match.

This best match needs to be able to cope with botin fterals, in which the
language tag is an explicit component, and XML Literalsyhich language mark-up
is embedded within the literal value (see the Japanetbe iaxample). It is unlikely
that Brian will be able to reuse his expression of peefeg for one Semantic Web
application in a second application.

5.2 Finding all Klingon text in aknowledge base

Searching for Klingon text has an additional complexitgré are two possible tags
for Klingon, the preferred primary tag 4fi” a recent addition to the 1ISO 639-2
registry, or the older IANA tag df-klingon” , grandfathered in RFC 3066bis.

Even if the Semantic Web knowledge base provides supporsearching by
language tag, or better by language range, and even gupport covers both plain
literals and XML Literals, the Star Trek fan stillets to know that there are two tags,
and has to perform two searches in place of one.

5.3 Multilingual Knowledge Base Construction

One approach is for each group to check every litarttié subset of the knowledge
base that they are using and ensuring that an approjpaagtation is available. This
involves unnecessary translation work in that some oflitaels may never be
relevant to the queries being asked, and others magdglreave a translation
available, but only through the application of an OWL reasoA second approach
would be to ask each relevant query of the knowledge baskthen have custom
code to examine the language tags in the literals retuameito have further custom
code to determine whether one such literal meetdingaistic requirements of the
application. This custom code should be able to look in3it#t Literals for
embedded language information. It may also need to supgoebiitepts of language
range and language tag fallback from RFC 3066bis.

6 TheFormal Machinery

OWL provides a language for describing ontologies: much efgghper shows how
OWL can be used to describe the ontology of RFC 3066bis. isnctse, it is
attractive to integrate this description of an ontglag with the lower level
machinery of RDF, and RDF's use of language tags. Thisosedefines a few
properties and classes that, with suitable extensions f® &nantics, serve to
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expose the language information in RDF literals in a waydhatthen be integrated
with OWL's class definition mechanisms.

6.1 Properties

The minimal requirement to use OWL's ontological captdsl to capture the
relationships between language tags and literals using tdigseis that it should be
possible to identify within RDF and OWL the tag of ierbl. The current
recommendations provide no relationship between ahguage tag of a literal and
any other feature of the language. The approach weigakedefine a new property
rdfl:lang (whererdfl: is a new namespace used in this paper).
This property is such that the triplex (rdfl:lang y ) is true if and only if
one of the following:
1. x is a plain literal with language tag (normalized to lowercase), andis
Z\"xsd:language
2. x is an XML literal containing non-white character déatext node or attribute
value) in-scope of an xml:lang=Z'(z normalized to lowercase), ang is
Z\"xsd:language
To express this formally as a semantic extension, tbeeadan be read as a definition
of the property extensiotext( I( rdfl:lang ) ) using the notation of RDF
Semantics [4]. This property contravenes the puralyagyic constraint that literals
cannot be subjects, but that presents no intrinsic difféstl(other than that a few of
the examples in this paper are written with a non-stanuatation).
The second part of the definition treats all languagesbygtused within an XML
literal equally. For some applications it may be mappropriate to, when possible,
identify the principle language of an XML literal. Fotaenple, consider

<span xml:lang="en">
This is <span xml:lang="la">ad hoc</span>.</span >

The text is essentially English, even though it corgta Latin phrase. This can be
identified by noting that the outermost language tag forhalltéxt is “en”. Thus we
define a further propertydfl:mainLang which relates a XML literal to its
outermost language tag (if unique). This similarly cont# a semantic extension to
RDF.

6.2 Classes

An omission from the RDF Vocabulary [8] is that they@o class of plain literals, we
rectify that withrdfl:PlainLiteral .

A further consideration is that the typical use caselu®s presenting text to an
end-user. An arbitrary piece of XML does not include prasentational guidelines,
hence it is useful to sometimes restrict consideratioy to XML using the XHTML,

! This is not breaking new ground, for exampieo” owl:differentFrom “bar” .
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Ruby, SVG, MathML namespaces. Thus we also define as das
rdfl:XHTMLLiteral , which is a subclass of the datatydéXMLLiteral.

Neither of these classes can be defined using theitddtmal machinery of RDF
or OWL semantics, and so, as for the properties, #reysuggested as a semantic
extension.

6.3 Internationalized Interpretations

To follow the language of RDF Semantics [4], we define regermationalized

interpretation, as an RDFS Interpretation (as defined in [4]), such that:

- for each plain literal with language tigin the vocabulary of I, the typed literal
lg™xsd:language  isinV.

. for each XMLLiteralx in V and every language tdg occurring inx as the value
of anxml:lang attribute lg”™xsd:language  isinV

- the property extensions affl:lang andrdfl:main-lang are as above
- the class extension ofifl:PlainLiteral andrdfl:XHTML Literal are
as above

7 Defaultsin RFC 3066bis

RFC 3066bis has specific advice suggesting defaults for sodes and geographical
codes, viz:
Use as precise a tag as possible, but no more specific thastied. For
example, 'de' might suffice for tagging an email written énr@an, while 'de-
CH-1996' is probably unnecessarily precise for such a task.
Avoid using subtags that add no distinguishing information about the content.
For example, the script subtag in 'en-Latn-US' is generally urssacg, since
nearly all English texts are written in the Latin script.
Unfortunately, defaults are known to be problematictie Semantic Web, for
example OWL contains no provision for them, despitentbeing an objective of the
OWL requirements [2].

There are two possible implications of the language in B6€&Bbis. One is that
there are defaults implied by various combinationsubfags, such as the "default" of
Latin script for a language tagri-Us".

The other possible implication is that an omitted subgagn implied range
suggesting that a user will accept any value in that posifibus the tageh-US"
really implies a language tag @n-*-Us-* "

We will address these implications in this paper by assyrtie former for tags
marking up data and further, that the rules for these defamé shared public
knowledge. Ideally these rules should be maintained byERE and kept at IANA.
We return to implied ranges, for use when querying datsection 9.2.

2 This suffers from being non-extensible, different applratnvironments may be able to
support only XHTML and SVG, or XHTML and MathML etc.
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The rules only address script codes and geographicad,caié each rule is a pair.
The first item in the pair is a language tag missitigeeior both of a script subtag or a
geographical subtag, the second item include the defalues/gif any) for the
missing items. Some sample rules are as follows:

en en-latn
fr fr-latn-FR
zh-TW zh-hant-TW

The first rule says that English text defaults to thénLstript, and applies uniformly
to any geographical (or private variant) of Englisithaut some other explicit script
code. The second rule says that French defaults tg beiatin script and from the
geography France. These two defaults apply independentlyhat lacking a

geographical codi-arab  defaults tdr-arab-FR  (the French of France written
in Arabic) rather thafr-arab-015 (North African French written in Arabit)

With these rules we note that it becomes imposshlmark up some texts in a
very general way. For example, while it is possiblege a language code it for
Chinese in a variety of scripts, it is not possibleseen for English in a variety of
scripts. This is not an additional constraint on top of RFB6bis, but merely an
articulation of a limitation that is already impligiithin it.

Content authors should use a shorter form of any langtegeif available
(following RFC 3066bis). We then apply the default rulesriyoducing two new
propertiesrdfl-dfit:lang and rdfl-dflt:mainLang that are defined by
axioms derived from the default rules, such as (in the @Wdtract syntax5]):

EquivalentClass(

restriction( rdfl-dflt:lang value(“en-latn”) )

unionOf( restriction( rdfl:lang value(“en-latn”) )
restriction( rdfl:lang value(“en”) ) ))

EquivalentClass(
restriction( rdfl-dflt:lang value(“en-latn-us”) )

unionOf( restriction( rdfl:lang value(“en-latn-us ")
restriction( rdfl:lang value(“en-us”) ) ))
The first axiom says that for any resource the propeiftydfit:lang has the

valueen-latn  if and only if the property rdfl:lang has the vakre or en-latn

Note that the second axiom is implicit in the firderwhen combined with the 1SO
3166 country cod&)S. Since there are many such codes there are very ofidhgse
axioms generated. In fact, when we consider private egtensuch agn-US-x-
newyorkcity , there are infinitely many axioms. We return to tlssuie in section
11. The axioms above, like all the axioms with samphguage tags in this paper,
should be seen as prototypical, invoking an infinitegpatt

For any language tag that is not (explicitly or implidifly the defaults table, we
equate thedfl:lang andrdfl:mainLang properties, e.g.:

3 If this was thought inappropriate a more specific rutdf@rab  could be included in the
table of rules.

4 In all the examples we omit the datatypesd:language inside the value construct
E.g.value(“en-latn”) abbreviatesalue(“en-latn” Mxsd:language)
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EquivalentClass(
restriction( rdfl-dflt:lang value(“en-arabic”) )
restriction( rdfl:lang value(“en-arabic”) ) )

We generate an equivalent infinite set of axioms defirdfigdflt:mainLang
in terms ofrdfl:mainLang

In combination these axioms apply the defaults table toR®F or OWL
knowledge base, and from hereon we use the propediledflt:lang and
rdfl-dflt:mainLang in preference todfl:lang andrdfl:mainLang

8 The Core DataRanges

In the previous section, we introduced two propertiaf-dfit:lang and
rdfl-dflt:mainLang , bound into an extended RDF model theory. OWL'’s
ontological modeling capability is class focused, so meve from this simple
property view into a class view. Since all these elasse classes of literals, they are
dataranges. We use the namespace prefire*lang: " for these dataranges, with
corresponding definitioAssuch as:

DataRange( core-lang:en-latn-us
intersectionOf( rdfl:PlainLiteral

restriction( rdfl-dflt:lang, value( “en-latn-us” D))
i.e. the datarangeore-lang:en-latn-us is those plain literals which have a
value for rdfl-dflt:lang of “en-latn-us  ". We have an infinite number of

these definitions, one for each possible language tedudiing private extension
tags). Note that the class name is the language tagahmechto lower case. These
classes are pairwise disjoint so that:

“hello world"@en-US rdf:type core-lang:en-latn-us .
But none of the following are true:

“hello world"@en-US rdf:type core-lang:en-latn .
“hello world"@en rdf:type core-lang:en-latn-us .
“hello world” rdf:type core-lang:en-latn .

The operation of the defaulting rules for the script cdapparent in these facts.
Further, we see thabre-lang:en-us is empty, since any literal explicitly tagged
asen-US is subject to the default rule, and treatedratatn-US

In addition we definecore-lang:None as the datarange of plain literals
without a language tag.

DataRange( core-lang:None
intersectionOf( rdfl:PlainLiteral
restriction( rdfl:lang, cardinality=0) )

5 We extend the abstract syntax with Datarange axioms ntbdal¢he class axiom of OWL
DL. These are mapped to triples similarly to the clagmax
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8.1 XML Literals

XML Literals provide additionally complexity in that theyayn have more than one
language tag. We model this complexity with three datasafageeach language tag.
Using the prefixxmllit-all-lang: we create dataranges for XML Literals all of
whose non-white character data content is tagged withpgheopriate language tag;
using the prefixxmllit-some-lang: we create dataranges for XML Literals
some of whose non-white character data content is ajgtedy tagged; using the
prefix xmllit-main-lang: we create dataranges for XML Literals all of whose
non-white character data content is contained with@estior XML elements with the
appropriatexml:lang  tag even if overridden on a closer ancestor element.

# The class of XMLLiterals wholly in language “it”
DataRange(xmllit-all-lang:it
intersectionOf( rdf:XMLLiteral
restriction( rdfl-dflt:lang, cardinality = 1 )
restriction( rdfl-dflt:lang, value(‘it”) )))
# The class of XMLLiterals partially in language “i t”
DataRange(xmllit-some-lang:it
intersectionOf( rdf:XMLLiteral
restriction( rdfl-dflt:lang, value(‘it”) )))
# The class of XMLLiterals partially in language “i t”
DataRange(xmllit-main-lang:it
intersectionOf( rdf:XMLLiteral
restriction( rdfl-dflt:mainLang, value("“it”) )

9 Approximate Matching

The core dataranges of the previous section do notderany additional utility for
our use cases. While they map the language tag into s@eelbases, the key issue
in the use cases was the additional linguistic knowledgeled to make the best use
of the language tags. In this section, we should how thalogyt implicit in RFC
3066bis can be made explicit with further OWL datarange itiefiis.

9.1 PresentableLiterals

For most use cases, the application wishes to disptag siatural language text.

In practice this text will be in the RDF graph eitheraaglain literal or an XML
Literal which is XHTML. Other XML Literals are, in gerad, not useful, since they
lack presentational information. Thus for each language ®mglefine a further
datarange, using the namesparesentable-lang: defined in terms of the
earlier definitions:

# Literals with tag “zh-hant”, (traditional Chinese)
# suitable for display or other presentation.

DataRange( presentable-lang :zh-hant

unionOf( core-lang:zh-hant
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intersectionOf( rdfl:XHTMLLiteral
restriction( rdfl:mainLang, value(“zh-h ant”) ))))

9.2 Language Ranges

A language range is a way of matching a specific languagmthgll extensions of it.
Thus for every tag we can create a further dataranigle lamespace prefilang-
range: ) corresponding to the concept of language range, angréisentable-

lang: datarange of all extension tags are subclasses:

# Language ranges corresponding of “zh-hant-CN”,

# (traditional Chinese in mainland China)

SubClass( presentable-lang :zh-hant-cn lang-range:zh-hant-cn )
SubClass( presentable-lang :zh-hant-cn lang-range:zh-hant )
SubClass( presentable-lang :zh-hant-cn lang-range:zh )

Since we have already applied defaulting rules (in sedtjprwe can extend the
concept of language range beyond that in RFC 3066bis, totgbeninsertion of a
script code when none is given. This corresponds to atiaddiaxiom:

SubClass(presentable-lang:zh-hant-cn lang-range:zh -cn)

The language tagh-CN is usually understood as being in simplified Chinesepfscr
codehans ), however that is using the default rules. For theselasve are defining

on top ofrdfl-dflt:lang , it is necessary to use the fully expanded fahmn
hans-cn of the language tag (e.lgng-range:zh-hans-cn ) if that is what is
desired.lang-range:zh-cn is understood as with a genuinely unknown script

code, i.e. an implied range (cf. section 7).
It would be more accurate to define a language range aiwitei union formed
with all extension tags. We return to this in section 11.

9.3 Script Ranges

A further extension to the concept of language range alide language ranges that
contain only a script code, and omit the primary lagguag. For examplieng-
range:latn is for all literals in Latin scripttang-range:hant for all literals
in traditional Chinese script. A sample axiom defindogh ranges is:

SubClass(presentable-lang:zh-hant-cn lang-range:han t)

9.4 Language Tag Fallback

RFC 3066bis suggests a process of language tag fallback wmitegplputative]
semantic relationship between two tags that sharemoom prefixes”. This
relationship is weaker than that exhibited with languagge=nThis process excludes
private use extensions, which are explicitly ignored. We stigpis in the ontology
with the use of three annotation properties on languageges. lang-
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range:falloackl gives an alternative datarange that ignores extensisrdag-
range:falloack2 also ignores the geographical code (if anying-
range:falloack3 also ignores the script code. Since we have expandedfthétde
script information, it is generally unhelpful to useg-range:fallback3 except

in specific cases where scripts have some degree of miatetlgibility (e.g.
simplified Chinese and traditional Chinese). An exampleraxi

DataRange(lang-range:zh-s-min-s-nan-hant-cn

annotation( lang-range:fallbackl lang-range:zh-h ant-cn)
annotation( lang-range:fallback2 lang-range:zh-h ant)
annotation( lang-range:fallback3 lang-range:zh ) )

9.5 Grandfathered Tags

When languages that have registered tags or subtags iANRerkgistry are added
to the ISO 639 registry, the old IANA entry is updatedstmw that it has been
deprecated in favour of the ISO 639 entry. An example isgfin where the IANA
tag i-klingon has been grandfathered in favourtlof . This can be expressed
using owl:DeprecatedClass by expressing the identify between the
corresponding language ranges:

DataRange( lang-range:i-klingon Deprecated lang-ran ge:tli)

10 TheUse Cases Revisited

10.1 Appropriate Display of Labels

Brian (or a tool he is using) can construct a sequence afataes from those given
in this paper expressing his linguistic preferences. Helsi¢o understand about
language tag fallback, and when it is appropriate to tusdei needs to use fully
specified language tags, expanded from their default fognefe-latn-GB  rather
thanen-GB), to form the language range expressions of interest.

10.2 Finding all Klingon text in a knowledge base

lang-range:tli includes plain and XML Literals with both th&® andi-
klingon language tags. Using this an OWL reasoner can be useiddtaalf
instances of these literals in a knowledge base.

10.3 Multilingual K nowledge Base Construction

Each group can use the language ranges defined above toucorigtarange

expressions corresponding to the linguistic requirementhesf subproject. These
expressions can be combined with the queries over the lihgavigase, as further
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OWL expressions, which can then be passed to an OWhrrelashich can simply
identify the work that needs to be done, taking into aetall knowledge already
implicit in the axioms.

11 Finiteness of Necessary Knowledge

This paper has presented an infinite ontology represebttigthe (large and finite)
generativity of RFC 3066bis through the registered 1SO and |Adifstered codes
and tags, and the infinite potential extensibility of RBA66bis through private
extension tags. This raises the question of how a semaehl application can load
all this knowledge, or does it require special purpose twieplement?

However, we saw in section 6 that we only added two priegeaihd two classes to
the core of the theoretical model. Since the actaeabulary in any knowledge base
is finite, only a finite subset of the infinite axiomeesented here are relevant to any
specific piece of reasoning. This subset can be deternfioedthe language tags
used in the vocabulary of the knowledge base. Moreover,irfigite unions
mentioned at the end of section 9.2 can be replaced with finions determined by
the vocabulary actually used. The formal machinery di@e®.3 is expressed only
in term of such a finite vocabulary. Thus we structtie dntology described in this
paper in such a way that a Semantic Web knowledge base shoptit a
subontology generated by the language tags that occurs kndhéedge base. Since
the KB is finite, this is a finite number of tags.eT@mount of knowledge for each tag
is fairly small, and moreover, in a typical knowledgesd the number of language
tags is small, hence this is only a small overhead.

An appropriate implementation might be with a serviet thatepts a set of
language tags in an HTTP POST action, or as a query onlaad® returns the
relevant subontology generated from the prototypesigpghper together with the
tags in the request.

12 Additional Expert Knowledge

The ontology presented could be augmented with additional ekpewnlledge. In
particular, there are relationships amongst the scopges; for example “Hrkt”
(Hiragana + Katakana) is a plausible fall back forré&i(Hiragana) but not for
“Brai” (Braille). There are also relationships amadndise geographical codes,
particularly with the new addition in RFC 3066bis of thenetical UN geographical
codes, for example the geography US is part of the geog®d (northern America)
but not of 419 (Latin America and the Caribbean). Thisulte in plausible
corresponding subclass relationships betwéerg-range:es-latn-US (Us
Spanish) and lang-range:es-latn-021 , (north American Spanish) but not
with lang-range:es-latn-419 (Latin American Spanish). Fleshing this idea
out is left as future work.
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13 Suggestionsfor the Recommendations

We believe that appropriate support for multilingual appbest is vital to the
Semantic Web. The work presented here provides somdicaginiforward steps. In
this section we suggest changes that could be incorporafetliie revisions of the
three standards we have considered.

13.1 RDF

The model theoretic changes to support the two new prepeatid two new classes
defined in section 6 should be added to the core RDF Reendations.

13.2 OWL DL

With the changes to RDF, OWL Full would already suppdrtha functionality we
have described, using the class expressions we have shiomever, OWL DL
excludes the possibility of infinite DataRanges, does nohip@amed DataRanges,
nor does it permit class expressions in the definitioDafaRanges. All of these
could be added without compromising the design integrit9Wi. DL datatyping,
which depends on the separation of a datatype oracle E§ from the tableau
reasoner. The core dataranges of section 8 can bedtir@stprimitive datatypes, and
the additional expressivity of forming (finite) unions aintkrsections of datatypes
does not compromise the functioning of the datatype er&d. the datatype oracle
can be extended to include the ability to handle the dafararpressions we have
used.

13.3 RFC 3066bis

The generative capabilities of RFC 3066bis fit fairlyunally into OWL, and are
distinctly easier to use than the somewaa@thoclist of tags maintained by IANA
under RFC 3066. The systematic inclusion of script codesRRt© 3066bis enables
new functionality that recognizes that script is somet more important than
language when trying to (partially) understand some abfamguage.

However, the continuation of the defaulting rules from RFC 1fifgigh to RFC
3066bis creates difficulties for true interoperability. 3&ecould be addressed by
making the default rules more explicit as describedétise?.

The language range concept we have used is more powerfultitbasimple
mechanism used in RFC 3066bis (for example, taking into atgrandfathered
codes). It may be appropriate for further revisionghaft standard to incorporate
some of the ideas.
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14 Conclusions

We have shown that relatively small changes to RDF@WIL make it significantly
easier to build and use multilingual knowledge bases g€herative capacity of RFC
3066bis can be modeled and exploited in OWL; while this resul@an infinite
ontology, this is usable in practice, because for aromletge base a finite subset
suffices.
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