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Abstract. RDF uses the RFC3066 standard for language tag$itdeals in
natural languages. The revision RFC3066bis inclugesductive use of
language, country and script codes. These formmgtidit ontology of natural
languages for marking-up texts. Relating each laggutag with classes of
appropriately tagged literals allows this impligittology to be made explicit as
an ontology in OWL in which every class in the dogy is a datarange. The
treatment extends to XML Literals, which may haveiltiple embedded
language tags. Further features of RFC3066bis ascthe relationship with
deprecated codes, language ranges and languafgitagk can be expressed
in OWL. A small change to the RDF model theoryuggested to permit access
to the language tag in the formal semantics, giuimg ontology a precise
formal meaning. lllustrative use cases refer toafdenglish, Japanese, Chinese
and Klingon texts.

1 Introduction

RDF, the foundation of the Semantic Web standadrds,some provision for the use
of natural language text from multiple languagestinguished by use of language
tags. This is a minimal requirement, made explict [2], for a knowledge
representation language which is intended for apterable use on a World Wide
scale. This provision depends on XML, which in taepends onRFC 1766 or its
successorsthe IETF is in the process of updating that kragth RFC 3066bis [3].

RFC 3066bis contains the significant advance dérsegative ontology of language
identification, and this paper explores the natstalp of expressing that ontology
using the Web Ontology Language (OWL). In additiB,C 3066bis (and the earlier
versions) connect various registries etc. Correetdepends on some detailed expert
knowledge. We show how that expert knowledge carexmressed within OWL,
making it easier for non-experts to correctly folate OWL expressions for text with
specific linguistic properties.

We use three example use cases throughout the, papkidemonstrate how the
advances we propose help construct better Sem#ic applications, in which
linguistic knowledge is captured in OWL, ratherritegpplication code.

This paper introduces a few properties and a langmber of classes, using a
variety of namespaces. We use the following nanmeespaefixes:rdfl: 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 bindimgaissumed.

2 ThreeUse Cases

2.1 Appropriate Display of Labels

This use case is described in the OWL Requireni2hta Semantic Web application
has data to be displayed to an end user. Manyeofeources in the knowledge base
are to be displayed using one of the valuesifsf:label , Selected to make a good
match between the linguistic capabilities of thed-eser and the language tag
associated with that particular text string. A diifigd example of such labels taken
from the OWL Test Cases [6] is:

<owl:Class rdf:ID="ShakespearePlay">

<rdfs:label xml:lang="it">Opere di Shakespeare</rdfs:label>

<rdfs:label rdf:parseType="Literal"><span

xml:lang="ja"> vz A 7 AET D<ruby>
<rbc><rb> fH</rb><rb> El</rb></rbc>
<rtc><rt> ZA<Irt><rt> 1T & <Irt></rtc>

</ruby></span></rdfs:label>
</owl:Class>

We consider a specific end user:; Brian who is aherotongue English speaker, with

a good knowledge of Japanese, can read Kanji, andehcan make some sense of
any language written in traditional Chinese chama;the still remembers some of his
schoolboy French.

2.2 Finding all Klingon text in a knowledge base

A Star trek fan wishes to search an RDF knowledzgelor all the Klingon text in it,
and then to explore the knowledge base from thesmurces.

2.3 Multilingual Knowledge Base Construction

An open source Semantic Web knowledge base is aige@l The project started in
the US, and all the natural language text strimgg have been tagged &n-US”
(following RDF Concepts [1] and RFC3066bis [3]) hét plain literals, with text that
is not intended as natural language are marked itlp the empty language tag.
Gradually groups of Chinese developers (some fioennmhainland and other groups
from Taiwan) become involved. Their typical intdrésin using some subset of the
knowledge base, possibly with some additional asiolioreover, each group has a
specific application in mind, involving specific epies which return literal values for
end-user presentation. Also, depending on the de@rusers of the application, the
presented text must be available in English oriticathl Chinese or simplified
Chinese or some combination. Clearly, some of tbeekbpers will need to add
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traditional Chinese literals corresponding to thiginal US English literals; others
will need to add simplified Chinese; but preciseligen it isnecessarto translate
which literals can only really be determined byiagkan OWL reasoner the relevant
queries and comparing the results for the vari@taral languages.

3 Languageand Text in the Semantic Web Recommendations

RDF and OWL use literal nodes for natural langutege. Literal nodes are either
plain literals or typed literals.

3.1 PlainLiteralsin RDF

A plain literal is a Unicode string paired with aptional language tag [1]. For natural
language text, the tag should be used in accordavite RFC 3066 (or its

successors). A plain literal without a tag is siynpl string and, like data of type
xsd:string  , it is not appropriate for natural language temhich may mean

different things in different languages. There @ support within RDF or OWL

semantics for language tags, other than the aldityistinguish literals that differ in

language tag (case insensitively).

3.2 XML Literalsin RDF

For some natural language text it is beneficialge additional markup, for example
for indicating bi-directional text or Ruby [7] mank (seen in the earlier Japanese
example). These are typed literals and hence ddhae¢ an explicit language tag,
however language information may be embedded witterliteral usingcml:lang
However, there may be more than one sxetilang , each of which will have
different parts of the XML literal in its scope; @ven if there is exactly one
xml:lang , there may be some text that is outside its scope.

3.3 OWL DataRanges

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

There is only explicit support for finite sets d@ketals, and no encouragement to
use class expressions. In OWL Full, however, itp@ssible to construct class
expressions from dataranges usitngl:unionOf , owl:intersectionOf and
owl:complementOf  and dataranges can be infinite and can be namedwllV/
make extensive use of these capabilities.
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4 Language Tagsand their Generative Capacity

RFC 3066bis [3] is (currently) an Internet-Draftathexpands and redefines the
language tags used bymlilang and other applications. The basic goal of a
language tag is to identify the natural languageamitent in a machine accessible
manner and the design of RFC 3066bis improvesctpsbility.

The structure of all RFC 1766 and successor largtags is a series of subtags
with an assigned meaning for each type of subthg.cbmbination of subtags forms
a very rough ontology that approximates the histdyigeographical, and linguistic
distinction of various natural languages and tH&ifects.

Prior to RFC 3066bis, all language tags fell iMo ttategories: 1) generative tags
made up of a language subtag and optional countig;?) registered tags that must
be considered as a singular unit.

RFC 3066bis changes the structure of the registthat the generative mechanism
is always applicable and greatly restricts theitgbilo register tags. The highly
generative structure makes language tags into ahnmuore robust ontological
structure on which to base applications (such asttes described here).

Tags under the new scheme are comprised of fivleagugpes, plus user-defined
extensions. Each subtag must appear in a sped§tign in a tag and has unique
length and content restrictions. Thus it is alwpgssible to identify each subtag and
assign it meaning (even without access to the lyidgrstandards). The four subtag
types are: 1) language subtags defined by ISO 6898-ISO 639-2; 2) extended
language subtags which are reserved for possiklavith ISO 639-3 in the future; 3)
script subtags defined by 1SO 15924; 4) regionayhtefined by either ISO 3166 or
by the UN M.49 region codes; and 5) variant subtabgch are defined either by
registration with IANA or by private use subtags $pecific expert use.

Thus an example RFC 3066bis tag looks somethirmg lik

en-Latn-US-boont-x-anExtension

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

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

5 TheUse Caseswith Current Technology

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

5.1 Appropriate Display of Labels

Brian has clear, but complex linguistic preferencés English, from whatever
geographical region, with a preference for Britishglish. 2) Japanese, in whatever
script. 3) Any language in traditional Chinese pgicd) French.

Each of these corresponds to a number of possihiguhge tags; all but the third
correspond to what RFC 3066bis calls a languaggerddowever, there is no support
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for language ranges in RDF or OWL. The third cassgript range’ is not covered by

RFC 3066bis, either. So, despite the ontologicphbdities of both RFC 3066bis and

OWL, someone, (either Brian or the application digwer) needs to turn each of these
preferences into either a list of explicit altemes, or a wildcard matching; and then
the application developer needs to write customecid the display routine that

selects all the known labels of a resource andtfiecbest match.

This best match needs to be able to cope with ptim literals, in which the
language tag is an explicit component, and XML fiaite, in which language mark-up
is embedded within the literal value (see the Japarnn the example). It is unlikely
that Brian will be able to reuse his expressiorpference for one Semantic Web
application in a second application.

5.2 Finding all Klingon text in a knowledge base

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

Even if the Semantic Web knowledge base providggpat for searching by
language tag, or better by language range, and iévieat support covers both plain
literals and XML Literals, the Star Trek fan stikeds 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 evenliterthe subset of the knowledge
base that they are using and ensuring that an ppate translation is available. This
involves unnecessary translation work in that sashehe literals may never be
relevant to the queries being asked, and others ahsady have a translation
available, but only through the application of awDreasoner. A second approach
would be to ask each relevant query of the knowdedgse, and then have custom
code to examine the language tags in the litestlgmed, and to have further custom
code to determine whether one such literal meetditiguistic requirements of the
application. This custom code should be able tdk lowside XML Literals for
embedded language information. It may also neetipport the concepts of language
range and language tag fallback from RFC 3066bis.

6 TheFormal Machinery

OWL provides a language for describing ontologimsich of this paper shows how
OWL can be used to describe the ontology of RFC6B6 In this case, it is
attractive to integrate this description of an ¢ogy in with the lower level

machinery of RDF, and RDF’s use of language tadss Bection defines a few
properties and classes that, with suitable extessto RDF semantics, serve to
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expose the language information in RDF literalg iway that can then be integrated
with OWL'’s class definition mechanisms.

6.1 Properties

The minimal requirement to use OWL’s ontologicalpa&hilities to capture the
relationships between language tags and literatgyubese tags, is that it should be
possible to identify within RDF and OWL the tag af literal. The current
recommendations provide no relationship betweenlghguage tag of a literal and
any other feature of the language. The approackalee is to define a new property
rdfl:lang (whererdfl: is a new namespace used in this paper).
This property is such that the triplex (rdfl:lang y ) s true if and only if
one of the following:
1.x is a plain literal with language tag (normalized to lowercase), ang is
zxsd:language
2. x is an XML literal containing non-white characteata (a text node or attribute
value) in-scope of an xmlilang=Z‘(z normalized to lowercase), amng is
zxsd:language
To express this formally as a semantic extenstmmabove can be read as a definition
of the property extensiomext I( rdfl:lang ) ) using the notation of RDF
Semantics [4]. This property contravenes the pusghtactic constraint that literals
cannot be subjects, but that presents no intrigifficulties' (other than that a few of
the examples in this paper are written with a n@amgard notation).
The second part of the definition treats all langrsaactually used within an XML
literal equally. For some applications it may berenappropriate to, when possible,
identify the principle language of an XML liter&or example, consider

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

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

6.2 Classes

An omission from the RDF Vocabulary [8] is thatrés no class of plain literals, we
rectify that withrdfl:PlainLiteral .

A further consideration is that the typical useecas/olves presenting text to an
end-user. An arbitrary piece of XML does not ingduahy presentational guidelines,
hence it is useful to sometimes restrict consid@nainly 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 class ?
rdfl:XHTMLLiteral , Which is a subclass of the datatypé&XMLLiteral.

Neither of these classes can be defined usingutteito formal machinery of RDF
or OWL semantics, and so, as for the propertiesy tire suggested as a semantic
extension.

6.3 Internationalized Interpretations

To follow the language of RDF Semantics [4], weimkefan internationalized

interpretatiori, as an RDFS Interpretation (as defined in [4]¢hsthat:

. for each plain literal with language tlgin the vocabulary of I, the typed literal
g™ xsd:language isinV.

. for each XMLLiteralx in V and every language tag occurring inx as the value
of anxml:lang attribute |g”"xsd:language isinV

« the property extensions affl:lang andrdfl:main-lang are as above
« the class extension odfl:PlainLiteral andrdfl:XHTMLLiteral are
as above

7 Defaultsin RFC 3066bis

RFC 3066bis has specific advice suggesting deféartscript codes and geographical
codes, viz:
Use as precise a tag as possible, but no more fipéban is justified. For
example, 'de' might suffice for tagging an emaittem in German, while 'de-
CH-1996' is probably unnecessarily precise for sadhsk.
Avoid using subtags that add no distinguishing rimfation about the content.
For example, the script subtag in 'en-Latn-US'énerally unnecessary, since
nearly all English texts are written in the Laticript.
Unfortunately, defaults are known to be problematicthe Semantic Web, for
example OWL contains no provision for them, desttitan being an objective of the
OWL requirements [2].

There are two possible implications of the languegRFC 3066bis. One is that
there are defaults implied by various combinatiohsubtags, such as the "default" of
Latin script for a language tagri-us".

The other possible implication is that an omittadtag is animplied range
suggesting that a user will accept any value it prusition. Thus the tageh-US™
really implies a language tag @n-*-US-* "

We will address these implications in this paperalsguming the former for tags
marking up data and further, that the rules fors¢helefaults are shared public
knowledge. Ideally these rules should be maintaimethe IETF and kept at IANA.
We return to implied ranges, for use when quergatg, in section 9.2.

2 This suffers from being non-extensible, differapiplication environments 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 geogrdptudas, and each rule is a pair.
The first item in the pair is a language tag migsither or both of a script subtag or a
geographical subtag, the second item include tHauttevalues (if 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 defaultshe tatin script, and applies uniformly
to any geographical (or private variant) of Englislithout some other explicit script
code. The second rule says that French defaulteitay in Latin script and from the
geography France. These two defaults apply indemdhd so that lacking a
geographical codi-arab  defaults tdr-arab-FR  (the French of France written
in Arabic) rather thaffr-arab-015 (North African French written in Arabit)

With these rules we note that it becomes impossiblmark up some texts in a
very general way. For example, while it is possioleise a language codezif for
Chinese in a variety of scripts, it is not possitslaiseen for English in a variety of
scripts. This is not an additional constraint op tf RFC 3066bis, but merely an
articulation of a limitation that is already imptigvithin it.

Content authors should use a shorter form of amguage tag, if available
(following RFC 3066bis). We then apply the defaultes by introducing two new
propertiesrdfl-dfit:lang and rdfl-dflt:mainLang that are defined by
axioms derived from the default rules, such asH@OWL abstract 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 ertyprdfl-dfit:lang has the

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

Note that the second axiom is implicit in the finske, when combined with the 1SO
3166 country cod&JS Since there are many such codes there are vary ofahese
axioms generated. In fact, when we consider prieatensions such an-US-x-
newyorkcity , there are infinitely many axioms. We return t@stissue in section
11. The axioms above, like all the axioms with skeripnguage tags in this paper,
should be seen as prototypical, invoking an indipiattern.

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

3 If this was thought inappropriate a more specifie forfr-arab  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”) abbreviatevalue(“en-latn” ~xsd: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 axiomefinihg rdfl-
dfit:mainLang in terms ofrdfl:mainLang

In combination these axioms apply the defaults etatdi an RDF or OWL
knowledge base, and from hereon we use the prepedil-dfit:lang and
rdfl-dflt:mainLang in preference todfl:lang andrdfl:mainLang

8 TheCoreDataRanges

In the previous section, we introduced two propsrtidfl-dfit:lang and
rdfl-dflt:mainLang , bound into an extended RDF model theory. OWL's
ontological modeling capability is class focused, we move from this simple
property view into a class view. Since all thesesses are 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”) )))

i.e. the datarangeore-lang:en-latn-us is those plain literals which have a
value forrdfl-dflt:lang of “en-latn-us  ". We have an infinite number of
these definitions, one for each possible language (including private extension
tags). Note that the class name is the languagedagalized to 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 dcdpde is apparent 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 treateém$atn-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 axioradeled on the class axiom of OWL
DL. These are mapped to triples similarly to thesslaxiom.
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8.1 XML Literals

XML Literals provide additionally complexity in thahey may have more than one
language tag. We model this complexity with thragacanges for each language tag.
Using the prefixxmllit-all-lang: we create dataranges for XML Literals all of
whose non-white character data content is taggé thé appropriate language tag;
using the prefixxmllit-some-lang: we create dataranges for XML Literals

some of whose non-white character data contenppsopriately tagged; using the

prefix xmllit-main-lang: we create dataranges for XML Literals all of whose
non-white character data content is contained widimcestor XML elements with the

appropriatexml:lang  tag even if overridden on a closer ancestor elémen

# 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 dpmatide any additional utility for
our use cases. While they map the language tagsontee base classes, the key issue
in the use cases was the additional linguistic kedge needed to make the best use
of the language tags. In this section, we should Hee ontology implicit in RFC
3066bis can be made explicit with further OWL dataye definitions.

9.1 PresentableLiterals

For most use cases, the application wishes toajis@ime natural language text.

In practice this text will be in the RDF graph eithas a plain literal or an XML
Literal which is XHTML. Other XML Literals are, igeneral, not useful, since they
lack presentational information. Thus for each leage tag we define 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-hant”) ))))

9.2 Language Ranges

A language range is a way of matching a specifiglage tag and all extensions of it.
Thus for every tag we can create a further dat&rgnith namespace preflang-
range: ) corresponding to the concept of language range tleepresentable-

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 rulessguation 7), we can extend the
concept of language range beyond that in RFC 386&bipermit the insertion of a
script code when none is given. This correspondsitadditional axiom:

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

The language tagh-CN is usually understood as being in simplified Chaéscript
codehans ), however that is using the default rules. For d¢lzesses we are defining

on top ofrdfl-dflt:lang , it is necessary to use the fully expanded falm
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 languageaasyan infinite union formed
with all extension tags. We return to this in sectil.

9.3 Script Ranges

A further extension to the concept of language easgo allow language ranges that
contain only a script code, and omit the primanyglizage tag. For examplang-
range:latn is for all literals in Latin scripttang-range:hant for all literals

in traditional Chinese script. A sample axiom definsuch ranges is:

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

9.4 Language Tag Fallback

RFC 3066bis suggests a process of language tampdalito exploit “a [putative]
semantic relationship between two tags that shasewnmwon prefixes”. This
relationship is weaker than that exhibited withglaage ranges. This process excludes
private use extensions, which are explicitly igmbré/e support this in the ontology
with the use of three annotation properties on uUagg ranges.lang-



12 Carroll and Phillips

range:fallbackl gives an alternative datarange that ignores externagsJang-
range:fallback2 also ignores the geographical code (if anyjng-
range:fallback3 also ignores the script code. Since we have exghiite default
script information, it is generally unhelpful toeuang-range:fallback3 except

in specific cases where scripts have some degreeuttial intelligibility (e.g.
simplified Chinese and traditional Chinese). Anrapée axiom:

DataRange(lang-range:zh-s-min-s-nan-hant-cn
annotation( lang-range:fallbackl lang-range:zh-hant-cn )
annotation( lang-range:fallback2 lang-range:zh-hant )
annotation( lang-range:fallback3 lang-range:zh ) )

9.5 Grandfathered Tags

When languages that have registered tags or subtafe IANA registry are added
to the 1ISO 639 registry, the old IANA entry is upeth to show that it has been
deprecated in favour of the 1SO 639 entry. An exenmp Klingon, where the IANA
tag i-klingon has been grandfathered in favourtiof . This can be expressed
using owl:DeprecatedClass by expressing the identify between the
corresponding language ranges:

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

10 TheUse Cases Revisited

10.1 Appropriate Display of Labels

Brian (or a tool he is using) can construct a saeqeef dataranges from those given
in this paper expressing his linguistic preferendds needs to understand about
language tag fallback, and when it is appropriataude it. He needs to use fully
specified language tags, expanded from their defawuh (e.g.en-latn-GB  rather
thanen-GB), to form the language range expressions of iatere

10.2 Finding all Klingon text in a knowledge base

lang-range:tli includes plain and XML Literals with both thé andi-
klingon  language tags. Using this an OWL reasoner can deel wo find all
instances of these literals in a knowledge base.

10.3 Multilingual K nowledge Base Construction

Each group can use the language ranges definede atmo\construct datarange

expressions corresponding to the linguistic requéets of their subproject. These
expressions can be combined with the queries dweikbhowledge base, as further
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OWL expressions, which can then be passed to an @A&%oner which can simply
identify the work that needs to be done, taking iatcount all knowledge already
implicit in the axioms.

11 Finiteness of Necessary Knowledge

This paper has presented an infinite ontology greng both the (large and finite)
generativity of RFC 3066bis through the registei®® and IANA registered codes
and tags, and the infinite potential extensibilitfy RFC 3066bis through private
extension tags. This raises the question of hownaastic web application can load
all this knowledge, or does it require special pggcode to implement?

However, we saw in section 6 that we only addedpveperties and two classes to
the core of the theoretical model. Since the actoadbulary in any knowledge base
is finite, only a finite subset of the infinite axns presented here are relevant to any
specific piece of reasoning. This subset can berogted from the language tags
used in the vocabulary of the knowledge base. Maeothe infinite unions
mentioned at the end of section 9.2 can be repladtbdfinite unions determined by
the vocabulary actually used. The formal machirargection 6.3 is expressed only
in term of such a finite vocabulary. Thus we stunetthe ontology described in this
paper in such a way that a Semantic Web knowledgse kshould import a
subontology generated by the language tags thar@at the knowledge base. Since
the KB is finite, this is a finite number of tagdhe amount of knowledge for each tag
is fairly small, and moreover, in a typical knowdedbase the number of language
tags is small, hence this is only a small overhead.

An appropriate implementation might be with a setrvihat accepts a set of
language tags in an HTTP POST action, or as a qoerg URI, and returns the
relevant subontology generated from the prototyipethis paper together with the
tags in the request.

12 Additional Expert Knowledge

The ontology presented could be augmented withtiaddl expert knowledge. In
particular, there are relationships amongst théptsaodes, for example “Hrkt”
(Hiragana + Katakana) is a plausible fall back fHira” (Hiragana) but not for
“Brai” (Braille). There are also relationships amgsh the geographical codes,
particularly with the new addition in RFC 3066bistiee numerical UN geographical
codes, for example the geography US is part ofography 021 (northern America)
but not of 419 (Latin America and the CaribbeanhisTresults in plausible
corresponding subclass relationships betwteg-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 multilingagoplications is vital to the
Semantic Web. The work presented here provides signéicant forward steps. In
this section we suggest changes that could bepocated in future revisions of the
three standards we have considered.

13.1 RDF

The model theoretic changes to support the two pi@perties and two new classes
defined in section 6 should be added to the corE RBcommendations.

13.2 OWL DL

With the changes to RDF, OWL Full would already sonp all the functionality we
have described, using the class expressions we $fawen. However, OWL DL
excludes the possibility of infinite DataRangeseslmot permit named DataRanges,
nor does it permit class expressions in the défimibf DataRanges. All of these
could be added without compromising the designgnite of OWL DL datatyping,
which depends on the separation of a datatype eoraslin [9] from the tableau
reasoner. The core dataranges of section 8 careaéed as primitive datatypes, and
the additional expressivity of forming (finite) wms and intersections of datatypes
does not compromise the functioning of the datatyrzele. l.e. the datatype oracle
can be extended to include the ability to handk dhtarange expressions we have
used.

13.3 RFC 3066bis

The generative capabilities of RFC 3066bis fit lfainaturally into OWL, and are
distinctly easier to use than the somewhdthoclist of tags maintained by IANA
under RFC 3066. The systematic inclusion of s@autes into RFC 3066bis enables
new functionality that recognizes that script ismetimes more important than
language when trying to (partially) understand sowuiral language.

However, the continuation of the defaulting rulesnf RFC 1766 through to RFC
3066bis creates difficulties for true interoperpil These could be addressed by
making the default rules more explicit as descrilmeskction 7.

The language range concept we have used is morerfutwhan the simple
mechanism used in RFC 3066bis (for example, takimg account grandfathered
codes). It may be appropriate for further revisiafisthat standard to incorporate
some of the ideas.
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14 Conclusions

We have shown that relatively small changes to RB& OWL make it significantly
easier to build and use multilingual knowledge ba3&e generative capacity of RFC
3066bis can be modeled and exploited in OWL; whiiles results in an infinite
ontology, this is usable in practice, because for lenowledge base a finite subset
suffices.
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