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Abstract

CC/PP and UAProf are two related standards, proposed by the W3C and the Open Mohile
Alliance respectively, that dlow devices to communicate their cgpabilities to other devices
such as web sarvers. This paper explores ways of guaranteeing interoperability in CC/PP
awvae devices by vdidating ther capability descriptions Frdly it explans what vaidetion
can be peformed on CC/PP and UAProf profiles. Secondly it investigates two methods of
performing vaidation: using an XML Schema derived automatically from the RDF Schema
describing the vocabulay and a more comprehensve vdidation technique implemented using
an RDF parser. Methods of adding additiond information to RDF Schemeas that can ad the
vaidation process are aso discussed.
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1 Introduction

As the vaiety of computing devices increases, there is a growing need for flexible and
goplication independent capability negotiation. CC/PP (Composite Capabilities / Preferences
Profiles) provides a standad way for devices to transmit their capebilities and user
preferences when requesting web content. Servers and proxies receiving this information can
then provide content appropriate to the particular device. Technologies such as CC/PP ae
essentid to the problem of device independence® since they dlow different devices to specify
their cgpabilitiesin a uniform way.

Currently virtudly al CC/PP capable devices use UAProf® a standard developed by the
Open Mobile Alliance (formerly the WAP Forum) to dlow Internet enabled phones to send a
profile of their capabilities to a server. UAProf predates CC/PP so CC/PP is designed to be
backwardly compatible with UAProf. Furthermore UAProf, unlike CC/PP, defines a set of
vocabularies for describing device cgpabilities. CC/PP, on the other hand, is designed to be
vocabulary and application agnogtic. This is achieved by leveraging XML namespaces <o that
different profiles may use one or more vocabularies to describe device capabilities.

The CC/PP and UAProf data format is based on RDF* and represents device capabilities as a
two leved hierarchy congding of components and properties e.g. HardwarePlatform and
ColorCapable respectively. Therefore in essence a CC/PP profile takes the form of a
dructured st of property and vaue pars. A CC/PP vocabulary provides application specific
information shown in Table 1. CC/PP and UAProf recommend that RDF Schema® should be
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used to define vocabularies and CC/PP gives a schema that should be extended by specific
vocabularies to define component types and properties. However these schemas only define a
subset of vocabulary informetion as indicated in Table 1. Note currently UAProf places some
of this information in comments in the schema making it more difficult for processors to
extract. In addition UAProf does not currently define the set of vaues a property can teke,
indead giving example property vaues without defining ther meaning. Idedly vadues as wel
as propeties should be defined within vocabularies otherwise there is a danger that vendors
will use different vaues to mean the same thing or use the same vaue to mean different
things. Furthermore unless these vadues are defined it is posshble that different vendors will
ue different cepitdizetion schemes or introduce other varidions that make interpretation
difficult such as variations dueto locd language eg. “Yes’' and “No” versus“Ja’ and “Nein”.

Vocabulary Information Isinformation currently expressed in RDF
Schemas associated with vocabularies?

The st of valid property names. Yes

The set of valid component names. Yes

The parent components for each property. Yes

The data type of eachproperty i.e. literd, Forthcoming - when RDF Core reaches a

Boolean, positive integer, rationd or custom. decison on daatyping.
Stored in comments in UAProf.

Whether each property is sngle or multi- Yes

vaued.

For multi-valued properties, whether those Yes

values are ordered or unordered.

In the case of UAProf, how to merge No

multiple vaues of the same property. Stored in comments in UAProf.

Where a property can take a defined set of No

vaues, avocabulary may explicitly define

the dlowable set of vaues and explain the

meaning of each vadue.

Tablel - CC/PP Vocabulary Information

Previous work at HP Labs has resulted in DELIP, a CC/PP processor that can be used in Java
Savigs, dlowing application devdopas to use CC/PP information in web gpplications
without needing to worry about CC/PP profile structure, protocol or resolution. This work has
dso identified a number of potentid interoperability issues with CC/PP tha could be
obstacles to widespread deployment ’? some of which are due to erors in profiles. For
example profiles have been rdeased tha are not vaid RDF, or in some cases not vaid XML,
that spdl property names incorrectly, or that contain other errors rdaing to profile sructure.
These problems are generdly identified and resolved over time, but it would be useful to be
able to vdidate profiles i.e. guarantee tha profiles are correct before they are released.
Furthermore as the companies responsible for authoring profiles are often different to those
creating CC/PP processors, it is possble there may be disagreements about responshility
when interoperability problems occur. By having a dear vaidaion procedure thet is far and
everyone can understand, such disagreements are avoided and companies can instead
concentrate on whether their profiles or processor are compliant.

This paper explores techniques for vaidating CC/PP profiles using XSLT® and XML
Schema®. It dso explores an dternative vaidation method implemented usng an RDF
parser. As the only vocabularies currently in common use are the UAProf vocabularies this



paper concentrates on UAProf, but the same techniques can be gpplied to any CC/PP
vocabulary.

2 Validation

In order to vaidae CC/PP profiles, there must be a s&t of rules that determine what
conditutes a vdid profile According to the CC/PP Structure and Vocabularies Working
Draft™ a CC/PP profile MUST meet the following constraint: a profile must be vaid XML
and a vaid XML sridisation of RDF. The W3C's RDF vaidation servicg” can be used for
this task. In addition it MAY contain the following resources. firdly it may contain resources
identified with a component property associated with either a CC/PP namespace or a UAPYof
namespace. Secondly it may contain resources identified with a default or Default property
associated with either a CC/PP namespace or a UAProf namespace.

However it is the authors belief that these reguirements ae insufficient to guarantee
interoperability. Therefore we argue that the other important dement of vdidation is ensuring
that profiles conform to the vocabulary or set of vocabularies they reference when they
declare the namespaces for a profile. However this type of vdidaion is controversd for two
reesons. firdly some members of the RDF community think such vaidation condrains how
RDF may be used. However, as CC/PP is a specific RDF gpplication it is free to define
additiona redrictions on RDF usage. Secondly there is no guarantee in CC/PP that an RDF
Schema description of a vocabulary will be avalable from the same URI used for a
namespece in a profile. However, here we will make the assumption that vocabulary authors
and profile authors follow recommended CC/PP best practice and make RDF Schemas
avalable from the gopropriate URIs. Alterndively appropriate schemas may be avallable
from other sources eg. they are didributed with some CC/PP processors. If the correct

schema is avalable, we propose that it is dso possble to use the following vdidation rules,
derived from the vocabulary information in Table 1:

The profile only uses properties defined in that schema.

The profile only uses components defined in that schema.

That the profile only places properties in components specified in the schema

If the schema contains XML Schema datatyping information for specific properties
that the profile agrees with that datatyping information.

If the schema specifies that a property is a bag or sequence that the profile uses a bag

or sequence for that property.

If the schema defines a st of dlowable vadues for a property, that the profile only
uses vaues from that set. For example condder a property caled “Keyboard”. This
might be able to possess the following vdues QWERTY, DVORAK, T9, PHONE

and ON-SCREEN.

3 Validation using XML Schema

It is important to note that athough RDF Schema and XML Schema are both schema
languages they perform dightly different roles RDF Schemds primary am is to provide a
mechine-readable description of a particular vocabulary rather than provide mechanisms for
vdidaing daa XML Schema, on the other hand, can be usad to vdidae XML documents
and enforce drict dructurd and datatype condraints. Therefore one solution to the vaidation
problem in CC/PP would be to use XML Schema to vdidate profiles. In order to use XML
Schema in this way, it is necessary to solve another related problem: in the XML seridisation
of RDF it is possble to saridise a single RDF grgph in severd different ways, meking the



required XML Schema complex and unwieldy. The solution proposed here is to use XSLT to
convert a profile to a condrained form of RDF that maintains al the information from the
origind seridisation. After this the profile can be vdidated usng XML Schema, to ensure
that it is both syntacticdly correct and tha it uses dl referenced vocabularies correctly. This
processis shown diagrammaticdly in Figure 1.

Device Profile Profile stylesheet Vocabulary schema Vocabulary stylesheet
XSLT Transformer XSLT Transformer ]
Transformed Profile XML Schema

4’[ XML SchemaVdidator ]<_

Validated Profile

Figurel - Validating CC/PP Prdfilesusing XSLT and XML Schema

3.1 Profile format conversion

One complexity when deding with the XML seridisation of RDF is it is possble to represent
the same undedying RDF modd in many different ways necesstating the use of a specidist
RDF parser®. One solution to this problem is to constrain the XML seridisation of RDF so
thet it is possble to process the profile usng a sandard XML parser. Here we use an XS T
dylesheet to transform UAProf profiles into this form so they can be vdidated usng XML
Schema. This transformation aso autometicaly corrects some common erors made in device
profiles and where necesssary converts the profile to an dternative seridisation that produces
and identicd RDF grgph to the origind form. This involves a number of individud
operations. Firdly it ensures that dl RDF specific atributes are qudified with the correct
namespace prefix. This is required by RDF syntax according to the RDF Core Working
Group, which has decided:

“ On 25th May 2001, the WG decided that ALL attributes must be namespace qualified.” #

Secondly it ensures that type Statements are not omitted from components. In CC/PP, it is
possble to omit type satements from components because the use of type statements was not
mandatory in early verdons of UAProf. However the latest verson of the UAProf

specification dates that components in the profile must correspond to the components defined
in the schema and must be identified by ther df : t ype attribute.

Type statements are important to a CC/PP processor as discussed in



“ Many people seemto find it counter-intuitive that you need to declare that the component is
called HardwarePlatform twice. It is important to note the first use of HardwarePlatform
defines the instance name whereas the second use is to define the type. Thisis just as if we
defined an object in Java e.g.

Hardwar ePlatform hardwar ePlatform;

In Java we would not expect the complier to determine the object type from the instance
name, but some CC/PP implementers omit the type statements from components. This means
the CC/PP processor cannot recognise components as the ID isjust alocal name.”

If a component is not typed correctly, the stylesheet will atempt to determine its type from its
rdf: 1D or rdf: about atribute.

Thirdly the dylesheet ensures that where possible al component resources are expressed
using the RDF typedNode syntax. Thus component definitions such as:

<rdf: Descri ption rdf:|D="HardwarePl at f or ni >
<rdf:type rdf:resource="http://ww. wapforum org/ profil es/ UAPROF/ ccppschena-
20020710#Har dwar ePl at f or ni >

</ rdf: Descri ption>

becomes:

<prf: Har dwar ePl at f or m r df : | D=" Har dwar ePl at f or n{ >

</ prf: Har dwar ePl at f or n»

Fourthly any properties that use references to resources internd to the document are changed
to express those resources “inling”. For example:

<pr f: Qut put Char Set rdf: resour ce="#geni d1”/ >

<rdf:Bag rdf:|D="geni d1">
<rdf:1i>US-ASCl | </rdf:|i>
</ rdf : Bag>

will be changed to:

<pr f : Qut put Char Set >
<r df : Bag>
<rdf:1i>US-ASCl I </rdf:li>
</ rdf : Bag>
</ pr f: Qut put Char Set >

Fifthly properties expressed as attributes using the RDF abbreviated syntax are changed to
give the properties as dements ingtead. Thus:

<pr f : component >
<prf:Browser UA rdf: | D="Browser UA" prf:Browser Nane="M crosoft"/>
</ prf: conponent >

will be expressed as.



<prf : conponent >
<prf: Browser UA rdf: | D="Browser UA">
<prf: Browser Nane>M cr osof t </ prf: Br owser Nane>
</ prf: Browser UA>
</ prf: conponent >

Findly the datatype condraints of XML Schema dso require some changes to Boolean
vaues, as UAProf uses “yes’ and “no” rather than the standard XML Schema vaues of
“true’ and “fdsg’. These trandformed profiles act like a canonica form of the profile, which
isvaid RDF, can be vaidated, and meets the UAProf specification.

Hereis an example profile before transformation:

<?xm version="1.0"?>
<r df : RDF
xm ns: rdf ="http://www W3. or g/ 1999/ 02/ 22- r df - synt ax- ns#"
xm ns: prf="http://ww. wapforum or g/ profil es/ UAPROF/ ccppschenma- 20020709#" >
<rdf: Description | D="Msl E">
<prf: conmponent >
<rdf: Descri ption |D="HardwarePl at f or i >
<prf: Col or Capabl e>Yes</ prf: Col or Capabl e>
<prf: Keyboar d>Qner t y</ pr f : Keyboar d>
<pr f: Vendor>M crosoft </ prf: Vendor >
<pr f: SoundQut put Capabl e>Yes</ pr f : SoundQut put Capabl e>
<prf: St andar dFont Pr oporti onal >Yes</ pr f : St andar dFont Pr opor ti onal >
</rdf: Descri pti on>
</ prf : conponent >
<pr f : conponent >
<rdf: Descri ption | D="Sof t war ePl at f or ni' >
<prf: CcppAccept- Charset rdf:resource="#genidl"/>
</rdf: Descri pti on>
</ prf : conponent >
<pr f : conponent >
<rdf: Description | D="Browser UA" prf:FranesCapabl e="Yes"/>
</ prf: conponent >
</rdf: Descripti on>
<rdf: Bag rdf:|D="geni d1">
<rdf:li>US ASCl I </rdf:li>
<rdf:li>| SO 8859-1</rdf: i >
<rdf:li>UTF-8</rdf:li>
<rdf:li>l SO 10646- UCS-2</rdf: |i>
</rdf: Bag>
</ r df : RDF>

Here isthe same profile after transformation:

<?xm version="1.0" encodi ng="UTF 8"?>
<r df : ROF
xm ns: rdf ="http:// www W3. or g/ 1999/ 02/ 22- r df - synt ax- ns#"
xm ns: prf="http://ww. wapf orum or g/ profi | es/ UAPROF/ ccppschenma- 20020709#" >
<rdf: Description rdf:|D="MNslI E'>
<pr f : conponent >
<prf: Har dwar ePl at f or m r df : | D=" Har dwar ePl at f or ni' >
<prf: Col or Capabl e>t r ue</ pr f : Col or Capabl e>
<prf: Keyboar d>Qner t y</ pr f : Keyboar d>
<prf: Vendor >M cr osof t </ pr f : Vendor >
<pr f : SoundQut put Capabl e>t r ue</ pr f : SoundQut put Capabl e>
<prf: St andar dFont Pr oporti onal >t r ue</ pr f : St andar dFont Proporti onal >
</ prf: Har dwar ePl at f or m»
</ prf : conponent >
<prf: component >
<prf: Sof t war ePl at f or m rdf : | D="Sof t war ePl at f or ni' >
<prf: CcppAccept- Char set >
<r df : Bag>
<rdf:1i>US-ASCl | </rdf:li>



<rdf:li>l SO 8859-1</rdf:|i>
<rdf:li>UTF8</rdf:li>
<rdf:li>l SO 10646-UCS 2</rdf:|i>
</ rdf: Bag>
</ prf: CcppAccept - Char set >
</ prf: Sof t war ePl at f or m»
</ prf: conponent >
<prf: conmponent >
<prf:Browser UA rdf: | D="Browser UA">
<prf: FranmesCapabl e>t r ue</ pr f : Fr anesCapabl e>
</ prf: Browser UA>
</ prf : conponent >
</rdf: Descripti on>
</ rdf : RDF>

There is a deficiency with this stylesheet gpproach as it cannot process one syntax used for
RDF container condructs when items in a contaner are identified by numericd property
names (_1, 2 etc). For more information about this problem see *°.

3.2 Schema conversion

Next an XSLT stylesheet is used to convert the UAProf RDF Schema into XML Schema in
order to vdidate profiles in the consrained RDF form. This stylesheet extracts detatype
information from the rdf:type and rdfs:range propertties of the UAProf properties in the
RDF Schema This information is then used to perform type checking and aso catch common
erors such as mispdled property names. The XML schema ensures tha profiles only use
the properties and components defined in the schema, and that properties are located in the
correct components. The schema dso checks datatypes, and checks the syntax of bags and
sequences. Note in order to use this gpproach it is necessry to fix some smdl errors in older
versons of the UAProf RDF Schema, and dso add some information as RDF insde the
schema to indicate the data type. It is our expectation that these issues will be reslved in
future versons of the schema For an in-depth explanation of the revised schema, see
Appendix A.

Given the following property declared in the RDF Schema:

<rdf: Descri ption rdf:about="&ns- prf; Col or Capabl e" >
<rdf:type rdf:resource="&ns-rdf; Property"/>
<rdf s: domai n rdf: resource="&ns-prf; HardwarePl at f orni'/ >
<rdfs:range rdf:resource='&is- prf; Bool ean' />
<prf:resolutionRul e rdf:resource="&ns-prf; Override'/>
</rdf: Descri ption>

The rdf:about atribute of the <rdf: Description> eement gives the name of the
property being described.

The <r df : t ype> dlement specifies that thisis a property in RDF rather than aclass.

The <rdfs:domain> dement gpecifies that this propaty bdongs to the
HardwarePlatform component.

The <r df s: range> element pecifies that the datatype of this property is Boolean.

The <prf:resolutionrule> dement specifies the resolution rule of the propety i.e
how to merge multiple occurrences of this property.

The stylesheet generates the following XML schema fragment:

<xsd: conpl exType nanme="Har dwar ePl at f or nilype" >
<xsd: al | >



<xsd: el emrent nane="Col or Capabl e" mi nCccurs="0">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="t ypes: Si ngl eBool ean"/>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el enmrent >

</xsd: al | >
</ xsd: conpl exType>

The <xsd: conpl exType> cdled “HardwarePlaformType’ contans dl the properties
that can occur within the HardwareP atform component.

The <xsd: al | > declaration indicates that the properties can occur in any order.

The <xsd:elenent> indicaes that the property cdled ColorCapable is vdid in this
component. The nincccurs dtribute sates that the dement is optiond i.e a profile
does not have to contain it.

The <xsd: conpl exType> €ement indicates that some propeties can contain child
elements.

The <xsd: si npl eCont ent > element indicates that this property only contains text.

The <xsd: ext ensi on> dement indicates the datatype of the property.

Note that the resolution rule information is not used here. Although it is needed by a UAProf
processor it is not necessary for vaidation.

3.3 Analysis of stylesheet approach

The stylesheet gpproach to vdidaion presented here has a number of advantages: it provides
a dmple mechaniam for validation that makes use of exiding tools eg. XSLT and XML
Schema. Furthermore using this functiondity in a program is smple, since there are severa
open source XML Schema parsers and XSLT transformers available such as Apache Xerces
and Apache Xdan'® It dso makes use of existing information eg. the RDF Schemas for
UAProf. However, by meking some smal changes to this exising information we can
provide much more powerful vaidaion that enables us to eesly identify common erors in
UAProf profiles.

The downdde of peaforming vdidaion in this way is tha both profiles and vocabularies mugt
be trandformed before they can be vdidated. Idedly it should be possble to vdidate profiles
without any changes, as vdidating transformed profiles can lead to eror messages being
difficult to interpret as they refer to a different profile than the one presented by the user.
However the trandformetion of profiles does have the useful effect of correcting any minor
errorsin RDF syntax, without the need for user intervention.

Secondly because there are various versons of the UAProf vocabulary, each using a different
namespace URI, it is necessty to have separate Stylesheets to convert profiles and schema
bedonging to the different versons. This is due to a redriction in XSLT tha prevents
dylesheets from insarting namespace declaration ttributes into a document. Since the
required change is smply the subgitution of one namespace with another, a smple Java
goplication has been written to generate dylesheets for a given namespace URI. This
goplication and example schemas can be obtained from™”.



As mentioned earlier, it would dso be ussful to have a mechaniam to enumerae dl the vdid
choices for the vaue of a property, and thus ensure that a profile conforms to this. This could
be specified in RDF schema as follows:

<rdf: Descri ption rdf:about="&ns- prf; Keyboard">
<rdf:type rdf:resource="&ns-rdfs; Property"/>
<rdf s: domai n rdf:resource="&ns-prf; HardwarePl atforni/>
<rdfs:range rdf:resource='&ns-prf;Literal'/>
<prf:resolutionRul e rdf:resource="&ns-prf;Locked' />
<prf:al | owabl eVal ues>
<r df : Bag>
<rdf:|i>Di sanbi guating</rdf:|i>
<rdf:li>Qunerty</rdf:li>
<rdf:|i>PhoneKeypad</rdf:|i>
</rdf . Bag>
</ prf:all owabl eVal ues>
<rdfs: cooment xm :|ang="en">
Description: Type of keyboard supported by the device, as an
i ndi cator of ease of text entry.

Type: Literal
Resol uti on: Locked
Exanpl es: "Di sanbi guati ng", "Querty", "PhoneKeypad"

</r df s: corment >
</rdf: Descri ption>

The <prf:al | owabl eVal ues> dement contains a bag of dl the vaues that are dlowed for this
property.

The XML schema could reflect thisfor sngle vaued attributes as follows:

<xsd: el enent nanme="Keyboard" m nCccurs="0">
<xsd: conpl exType>
<xsd: si npl eCont ent >

<xsd:restriction base="types: SinglelLiteral">
<xsd: enunerati on val ue="Querty”/>
<xsd: enuner ati on val ue="Di sanbi guati ng”/>
<xsd: enuner ati on val ue="PhoneKeypad”/ >

</xsd:restriction>

</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

Herethe <xsd: restri cti on> dement enumerates dl the possible vaues of the property.

Attempting to extend this idea to multi-vaued properties exposes a weskness in the use of
XML Schema to peform vdidaion. Snce multi-vdued propeties are defined in a profile
using the RDF container types , the elements containing the property values are in the RDF
namespace. As far as XML Schema is concerned, dl rdf:Bag congructs are treated
identicaly so the XML Schema cannot digtinguish between an rdf:Bag associated with
prf: CcppAccept from an rdf: Bag associated with prf: Ht i Ver si onsSupport ed. Hence it is not
possble to define multiple dements with the same name (i.e rdf:Bag and rdf:1i) but
dfferent types and redrictions, snce dements ae diffarentidted by their names only.
Furthermore a single XML Schema can only represent elements from a single namespace,
dthough it may indicate that eementsin a document come from other namespaces.

" Other RDF uses have dso requested that RDF Schema should provide constructs to constrain the types of
members of a container. See http://www.w3.0rg/2000/03/rdf -tracking/#rdfs-constraning-containers



Therefore, we must consder the technique of usng XML schema to be only a partia solution
to the problem of vaidation. A more rigorous gpproach based on RDF needs to be developed.

3.4 Using the XML Schema validator

The basic process for using thisvdidator is:
Generate stylesheets for the required vocabulary URI from templates.
Apply the schema stylesheet to the gppropriate RDF schema
Apply the profile template to any profiles to be validated.
Process the transformed profiles usng a schema-aware vaidating XML parser.

For example, to vdidate profiles usng the latest UAProf vocabulary using Xerces and Xdan:

[1] Cregte styleshests:
java com hp. hpl . styl esheet Gener at or . Gener at or
http://ww. wapf orum or g/ profil es/ UAPROF/ ccppschema-20020710#

Thiswill creste two stylesheetscdled t r ansf or m uapr of _schema. xsI  and

transformrdf _profile.xsl.

[2] Transform the RDF schema:
java org. apache. xal an. xslt. Process -1 N ccppschenma- 20020710. rdf s - XSL
transf or m_uapr of _schema. xsl - QUT RDF_uapr of _vocab. xsd

[3] Trandform the device profile:
java org. apache. xal an. xslt.Process -IN profile.rdf -XSL transformrdf_profile.xsl -
QUT transformed_profile.rdf

[4] Vdidate profile:

java domWiter -n -v -s transforned_profile.rdf

In addition to the schema crested in dage 2, the schemas for RDF syntax and UAProf
datatypes are required (RDF_schena. xsd and UAPr of _t ypes. xsd)

More information is avaldble in the documentaion accompanying the vdidation
components.

4 Validating with an RDF parser

Peforming vdidation of RDF documents usng an RDF parser is more complex than
vaidating XML documents, because there are no dandardised tools available to accomplish
this task. A prototype vaidator has been developed as an extenson to DELI, making use of
Jena®® an open source RDF parser developed a HP Labs. This approach has the advantage of
not requiring any tranformations of profiles or schema, since Jena can parse RDF documents
and RDF Schema

To determine the dructure to which profiles must adhere, the vdidator exploits the two leve
dructure of UAProf profiles (profiles contan components, which contain properties). The
UAProf vocabulary can be used to derive a lig of vdid component names, by andysing dl
resources having an rdfs: subd assCof  property whose object is Component. Once this is done,
it is possble to build a lisg of dl properties that can beong to a particular component, since
these will dl have an rdfs: donai n property arc to the component resource. Collection type
information is determined by checking the rdf:type properties of device properties i.e if a
property isof typer df : Bag Of r df : Seq, Or agmple typeif not declared to be otherwise,

10



When using this valideation technique, and provided that the RDF schema has the formet
recommended in Appendix A, daaypes can be extracted from rdfs:range propeties and
checked by matching vaues agang regular expressions defined in the schema for each type.
The UAProf vocabulary gives regular expressons for the daaypes it defines, and these are
used in the vdidator. It became gpparent, however, that many profiles do not adhere to these
specified expressons, and nor in fact do many of the examples given in the UAProf
soecification itsdf. For example, the literd datatype hes the following regular expresson in
the schema

[A-Za-2z0-9/ .\ -_]+

A large number of literds in profiles contain paces, adterisks, semicolons and various other
characters forbidden by this expresson. Although this problem is easily solved by extending
the expresson to dlow a wider variety of drings idedly these regular expressons should be
machine readable rather than written as XML comments to make it easier for RDF parsers to
extract them and use them in profile vaidation. The fact that the exiging regular expressons
in the specification and red world profiles do not metch is a further judification for an
automeated vaidation processfor profiles.

To overcome this, the datatypes could be defined in the schemaasfollows:

<rdfs: d ass rdf: about ="&ns- prf; Bool ean" >
<rdf s: | abel >Bool ean val ue</rdfs: | abel >
<rdf s: subd assOf rdf:resource="&ns-rdfs; Literal"/>
<prf:regul ar Expr essi on>( Yes) | (No) </ prf: regul ar Expr essi on>
<rdf s: cooment xm :|ang="en">
This class is used to represent any bool ean attribute val ue
</ rdf s: conment >
</rdfs: d ass>

<rdfs: Property rdf:about="&ns-prf;regul ar Expr essi on” >
<rdfs: | abel xm:|ang="en">Datatype regul ar expression</rdfs:|abel >
<rdfs: domai n rdf:resource="&ns-rdfs; Literal”/>
<rdfs:range rdf:resource="&ns-rdfs: Literal”/>
<rdf s: commrent xml :|ang="en">
This property defines a regul ar expression for a datatype
</ rdfs: comment >
</rdfs: Property>

A brief outline of the validation processis as follows:

[1] Identify all UAProf nanespaces declared in the profile
[2] For each UAProf nanespace do

[3] Begin

[4] Identify all conponent properties in the nanespace

[ 5] For each conponent do

[ 6] Begi n

[7] Identify all UAProf device attributes in the conponent

[ 8] For each device attribute do

[9] Begi n

[10] Attenpt to find a definition of the attribute in a vocabulary schena
[11] Fail if the attribute is not defined

[12] Check that the attribute occurs in the correct conmponent

[13] Check that the attribute has the correct syntax for its collection type
[ 14] If the attribute is a sinple type then

[ 15] Check that the attribute matches its given datatype

[16] B se

[17] Check that all the elenents in the conplex type match the datatype

11



[ 18] Endi f

[19] End
[20] End
[21] End

Since UAProf vocabularies do not a present contain sets of alowable vaues for device
atributes, this vdidator is unable to enforce such a redraint, however this functiondity could
be added in a draightforward manner, and checking for conformance coud be peformed at
the same time as datatype vdidation.

4.1 Using the RDF parser validator

The RDF paser vdidator is pat of the DELI didribution; the class providing this
functiondity is com.hp.hpl.deli.UAProfValidator. The APl is documented in the DELI
documentation, however ashort example is given here:

Wir kspace. get | nst ance(). configure(null, "config/deliConfig.xm");
UAPr of Val i dat or val i dator = new UAPr of Val i dat or ( Syst em out) ;
val i dat or . set Def aul t Dat at ypes() ;

String profil eName = ...

i f(validator.validate(profileNane)) {
Systemout.printIn("Profile is valid\n");
} else {
Systemout.println("Profile is not valid\n");
}

The firg line is required to ingruct DELI to load the required vocabulary informetion. The
vadidator object is created, Soecifying the Systemout sream as the stream to write status
messages to. The vdidator is then indructed to use the default UAProf datatypes, if required
an dterndive st of daatypes can be loaded from a configuration file. The forma of this file
isasfollows

<?xm version="1.0"?>
<val i dat or >
<dat at ype>
<nane>Li t er al </ nanme>
<expr essi on>[ A-Za- z0- 9/ .\ \- _ ] +</ expr essi on>
</ dat at ype>
<dat at ype>
<nanme>Di nensi on</ nane>
<expr essi on>[ 0- 9] +x[ 0- 9] +</ expr essi on>
</ dat at ype>

</val i dat or >

Further datatypes can be added by including more <dat atype> eements containing a name
and regular expression for the new type.

Thereis dso acommand line interface to the vaidator, which can be executed as.

java com hp. hpl . del i . UAProf Val i dator [list of profiles to validate]

For more information please see the documentation in the DELI distribution.



5 Conclusion

As discussed in Section 3, vdidation of profiles usng XML Schema has the advantage that it
makes use of exiding technologies, however it has some deficdencies when it comes to
coping with the full complexity of a generd RDF document. The RDF parser vdidation
goproach is more thorough, but it requires specidised software. Both approaches require that
RDF Schema is used in a controversa way as it was not intended to be used for vadidation of
document structure. Table 2 compares these two approaches.

Vocabulary Isinformation currently | Can this Can this

Information expressed in RDF information be | information be
Schemas associated with | validated using | validated using
vocabularies? XSLT / XML a custom RDF

Schema? validator?

The st of vaid property Yes Yes Yes

names.

The st of vaid Yes Yes Yes

component names.

The parent components Yes Yes Yes

for each property.

The datatype of eech Forthcoming - when RDF | Yes Yes

property i.e literd, Corereachesadecison

Booleen, positive on datatyping.

integer, rationd or Stored in commentsin

custom. UAProf.

Whether each property is | Yes Yes Yes

sangle or mult-vaued.

For multi-valued Yes Yes Yes

properties, whether those

vaues are ordered or

unordered.

In the case of UAPYof, No Not relevant to Not relevant to

how to merge multiple Stored in commentsin vdidation vaidation

vaues of the same UAProf.

property.

Where a property can No Only for smple Yes

take a defined set of values

vaues, avocabulary may

expliatly define the

dlowable set of vaues

and explain the meaning

of each vaue.

Table 2- Comparing validation approaches

A further disadvantage of vdidaing profiles in either manner, is that a present a specific
vaidator needs to be written for each vocabulary. This is because as Table 1 and Table 2
show, not dl information relevant to a vocabulary is currently encoded in the redaed RDF
Schema. In fact in CC/PP there is no requirement that a vocabulary provides the gppropriate
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RDF Schema, s0 an application cannot be guaranteed to be able to retrieve a particular
information fidd from a vocabulay schema Therefore dthough it is possble to write a
validator for UAProf profiles, this vdidaior will need modification to cope with other
vocabularies. This is pat of a more sarious issue of vocabulary independence that is outsde
the scope of this document.

Appendix A

This Section describes some problemswith previous versions of the UAProf RDF Schema.

[1] In some places in the schema there are references to "#HardwarePlatform” whereas in
others they refer to "#HardwarePlatform ". The trailing space is turned to escape characters

by parsers so these are considered different resources.

[2] Current work on RDF Schema has made some changes to the origina specification:

“ Resolution: On 2nd August 2001, the RDFCore WG resolved: Multiple domain and range
constraints are permissible and will have conjunctive semantics’ *°

i.e this section of the schema

<rdf: Description rdf:about="&ns-prf; defaul ts">
<rdfs:type rdf:resource="&ns-rdfs; Property"/>
<rdf s: domai n rdf:resource="&ns- prf; Har dwar ePl at f or m'/ >
<rdf s: domai n rdf:resource="&ns- prf; SoftwarePl atf ornm'/ >
<rdf s: domai n rdf:resource="&ns- prf; WapCharacteristics"/>
<rdf s: domai n rdf:resource="&ns- prf; Browser UA"/ >
<rdf s: domai n rdf:resource="&ns- prf; Net wor kChar act eri stics"/>
<rdf s: domai n rdf:resource="&ns- prf; PushCharacteristics"/>
<r df s: conment >
An attribute used to identify the default capabilities.
</ rdf s: cooment >

</rdf: Description>

which istrying to say:

"defaults are a property and can be found on HardwarePlatform, SoftwarePlatform,
WapCharacteristics, BrowserUA, NetworkCharacteristics and PushCharateristics
component”

actudly says.

"defaults are a property and can only be found on a component that belongs to all of the
following: HardwarePlatform, SoftwarePlatform, WapCharacteristics, BrowserUA,
NetworkCharacteristics and PushCharacteristics."

therefore it should be changed to:

<rdf: Description rdf:about="&ns- prf; defaul ts">
<rdfs:type rdf:resource="&ns-rdfs; Property"/>
<rdf s: domai n rdf:resource="&ns-prf; Conponent"/>
<rdf s: cooment >
An attribute used to identify the default capabilities.
</ rdf s: conment >
</ rdf: Descri ption>
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[3] In the authors opinion, ingead of having namegpaces in the entire document, it is
preferable to use entity declarations so the namespaces are defined once a the top. This
removes the danger of using different namespaces to refer to the same object, a common
mistake in some of the earlier UAProf schemas.

[4] Attributes should be qudified with a namespace eg. rdf:resource and rdf: about. Even
though this only generates warnings in the vdidator, usng atributes without qudifying them
and without a default namespace is an incorrect use of XML.

[5] It is preferdble for the schema to use rdf: about NOt rdf: 1 D. This is what the forthcoming
CC/PP Working Dreft says on the subject:

"This specification uses " r df : about " to specify the URI's of resources. This was a deliberate
choice to ensure that such URI's are absolutely and unambiguously specified. Thisisalso a
different to UAProf, which uses both "r df : about " and "rdf: 1D".

CC/PP allows"rdf: 1 D' attributesor "rdf : about " attributes. However, the valuesof " r df : 1 D'
attributes represent URI’s that are relative to the base URI of the document. When a
document ismoved to another |ocation on the web the meaning of thevalueof an™r df : | D'
attribute changes. The meaning is undefined when the RDF is contained in a document with
no base URI, e.g. when encapsulated in a message. The RDFCore WG has a Working Draft
that proposes that RDF should support "xni : base" attributes. If this addition to RDF
achieves recommendation status, then it would be appropriate to use "rdf: 1 D" attributesin
conjunction with an "xni : base" attribute instead of "rdf: about™ attributes. For now we
recommend that CC/PP profiles SHOULD use "r df : about" and that the URI's of resources
are fully specified."

Therefore rdf: 1D or 1D should be changed to rdf: about , and fully qudified base URI's should
be used wherever possble.

[6] In the old schemas, the data type and the resolution rule where hidden in the comments
fidds This mekes things very difficult for processors eg. the DELI UAProf processor
currently has to parse the comments fields to determine data type and resolution rule. It's
much better to represent them in the schemaeg.

<rdf: Descri ption rdf:about="&ns- prf; Col or Capabl e" >
<rdf:type rdf:resource="&ns-rdf; Property"/>
<rdf s: domai n rdf:resource="&ns-prf; HardwarePl atforni/>
<rdfs: range rdf:resource="&ns- prf; Bool ean"/>

<prf:resolutionRul e rdf:resource="&ns-prf; Override"/>
</rdf: Descri ption>

The <rdfs:type> propety indicates that this is a propety of a device. For multi
vaued device properties, this property is dso used to identify that the device property
isabag or a sequence.

The <r df s: domai n> property determines the parent component of the device property.

The <r df s: range> property gives the data type of the device property.

The <prf:resolutionRule> propaty gives the resolution rule associated with the
device property.
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Work on datatypes is currently one of the issues being considered by the RDF Core Working
Group, and a current proposa®® compatible with the use of the rdfsrange property, adso
dlows datatypes to be explicitly defined locdly as follows

<some: Property rdf:type="&dat at ypeURl ; ">& exi cal For m </ sone: Property>

For the purposes of CC/PP vocabularies, globd datatyping (i.e. using rdfsrange) is the most
ussful method, snce each device propety will have a sngle daaype, which will not vary
between different instances of that property in a profile.

[71 To sidy internationdization concans, in rdfscomment and rdfslabe language should
be defined usng xml:lang eg.

<rdfs: | abel xni:|ang="en">Conponent: SoftwarePl atfornx/rdfs:|abel >
<rdf s: conment xnl:|ang="en">
The Sof t war ePl at f orm conponent contai ns properties of the device's
application environnent, operating system and installed software.
</ rdf s: coment >

[8] The bag collection type should be in the RDF namespace, not the RDF schema
namespace, and likewise for the Property class.

<rdf: Description rdf:about="&ns- prf; | nput Char Set" >
<rdf:type rdf:resource="8&ns-rdfs;Property"/>
<rdf:type rdf:resource="8&ns-rdfs;Bag"/>

</ rdf Descri pti on>
Therefore the fragment above should be:

<rdf: Description rdf:about="&ns-prf; | nput Char Set ">
<rdf:type rdf:resource="&ns-rdf; Property"/>
<rdf:type rdf:resource="&ns-rdf; Bag"/ >

</ rdf Descri pti on>

[9] The use of rdf:type to identify a property as being a bag or sequence is, drictly spesking,
incorrect. Rether, rdf: range should be used to identify that the object of a device property is
such acontainer type. Therefore, a property defined as abag should be described as.

<rdf: Description rdf:about="&ns- prf; Bl uet oot hProfil e">
<rdf:type rdf:resource="&ns-rdf; Property"/>
<rdf:range rdf:resource="&ns-rdf; Bag"/>

</ rdf Descri pti on>

Expressng the property in this way, however, leaves no way to define the datatype of the
elements insde the container. As mentioned in Section 3.3, expressing a condraint such as
this has been ruled to be currently beyond the scope of RDF Schema. To dlow the \didaion
of multivalued properties, we chose to leave the definition of such properties in its current
form in the UAProf schemas, since the information is machine readable and the data required
for vaidation can be extracted if the schemas are formaited in this way. This is done with a
view to bringing the gpproach into line with the RDF Schema specification when it is
finalised by the RDF Core WG.
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