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Abstract

Traditionally, and to a first approximation, annotations can be regarded as com-
ments. In the case of the Web Ontology Language (OWL), this perspective is largely
accurate, as annotations are internal constructs included with the language. As in-
ternal constructs, annotations in OWL Description Logic (DL) are also constrained
to ensure, ultimately, that they do not negatively impact on the ontology’s ability
to remain computationally complete and decidable. Formal ontologies, however, can
also be annotated externally with the XML Pointer Language (XPointer). Because
XPointer-based annotations are quite likely to result in violations of the constraints
traditionally placed on OWL DL’s built-in annotations, there exist potentially seri-
ous consequences for maintaining self-contained formal ontologies. Insight gained in
modeling annotations in formal ontologies using top-down strategies can be applied
to informal ontologies. In part, the previous practice of incorporating feature-based
annotations directly into informal ontologies is regarded differently, as the XPointer-
based annotations may require more complex OWL dialects in which computational
completeness and decidability cannot be guaranteed. Critical to the development of
informal ontologies is Gleaning Resource Descriptions from Dialects of Languages
(GRDDL), as it facilitates the extraction of Resource Description Format (RDF)
relationships from representations cast in the eXtensible Markup Language (XML).
In order to fully enable the creation of informal ontologies, however, an analo-
gous functionality is required to extract OWL classes, properties and individuals
from RDF-based representations. Although a strategy for this capability has been
specified, hopefully community based efforts will soon target a corresponding im-
plementation.
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1 Overview

In an ongoing effort to develop a semantic framework for the Global Geody-
namics Project (GGP), annotation was recently introduced to describe fea-
tures inherent in GGP data (Lumb et al., 2006, 2007). Based on XML Pointer
Language (XPointer), 1 and rendered ultimately via the Resource Description
Framework (RDF), 2 feature-based annotations can be readily incorporated
into an informal ontology for the GGP. Because ease-of-incorporation is not
the only consideration for developing an effective informal ontology, in §2 an-
notations are explored from the perspective of formal ontologies to identify
additional considerations. To initiate the investigation, a formal ontology for
the GGP is prototyped by importing an existing formal ontology and modestly
extending it (§2.1). This extension allows for a dual-pronged investigation of
annotations in formal ontologies. First, through use of functionality inherent
in the Web Ontology Language (OWL), annotations of internal origin are con-
sidered (§2.2). Second, XPointer is applied as a means for annotating formal
ontologies externally (§2.3). The outcome of this dual-pronged investigation
of annotating formal ontologies is captured in §2.4. Alluded to at the outset,
informal ontologies and their annotation receive attention in §3.1 and §3.2,
respectively. In §3 and the closing section (§4), insight gained by working with
formal ontologies is applied to informal ontologies. Also in the closing sec-
tion, after drawing conclusions, a brief discussion is given to the reciprocity
that exists between ontologies that are used in peering scenarios such as that
described here.

∗ Corresponding author. Tel.: +1 416 736 5756; fax: +1 416 736 5830.
Email address: ian@yorku.ca (L. I. Lumb).
URL: http://brunhes.eas.yorku.ca/ (L. I. Lumb).

1 XML Pointer Language (XPointer), W3C (World Wide Web Consortium) Work-
ing Draft 16 August 2002, http://www.w3.org/TR/xptr/. This working draft has
been superceded by four XPointer specifications that focus on elements, names-
pace and URI (Uniform Resource Identifier) fragment identification itself within
the context of an enabling framework.
2 Resource Description Framework (RDF) / W3C Semantic Web Activity, http://-
www.w3.org/RDF/.
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2 Annotating Formal Ontologies

After developing a demonstrative formal ontology for the GGP in the follow-
ing section (§2.1), attention focuses on internally and externally originating
annotations in §2.2 and §2.3, respectively. Experiences with formal ontologies
result in the implications shared in §2.4.

2.1 A Formal Ontology Prototype for the GGP

Even though they focused on automating the development of informal ontolo-
gies for the GGP (see also §3), Lumb and Aldridge (2006) anticipated the need
for a hybrid approach:

... GRDDL (Gleaning Resource Descriptions from Dialects of Languages) is
in its earliest stages of development. Therefore, it is expected that a bottom-
up extraction of RDF from XML via GRDDL will be well complimented
by top-down analysis and prototyping available from ontology tools such as
Protégé 3 and SWOOP. 4 In other words, this combined bottom-up, top-
down approach is anticipated to accelerate the rate of introduction of an
RDF-based model for the GGP (Lumb and Aldridge, 2005b). Use of these
same ontology tools is also anticipated to assist in eventually harmoniz-
ing the integration of informal ontologies (e.g., that being derived here for
the GGP) with SWEET-based 5 and other formal ontologies (Lumb and
Aldridge, 2005b).

It is in this spirit then that formal ontologies in general, and annotation in
particular, are considered here. In other words, by exploring formal ontologies
and their annotation, it is expected that guidance will emerge for the process
of developing annotated informal ontologies.

Because there are so many available, 6 it was decided that use would be made
of a pre-existing formal ontology. Fairly quickly, it became evident that the
ontology developed by the Virtual Solar-Terrestrial Observatory 7 (VSTO)
would be appropriate for current purposes (Fox et al., 2006). To initiate the
investigation, the VSTO ontology was imported into Protégé, and attention

3 The Protégé Ontology Editor and Knowledge Acquisition System, http://pro-
tege.stanford.edu/.
4 swoop, Semantic Web Ontology Editor, http://code.google.com/p/swoop/.
5 SWEET Ontologies, http://sweet.jpl.nasa.gov/ontology/.
6 Googling and Swoogling for Ontologies, http://ianlumb.wordpress.com/2007/04/10/googling-
and-swoogling-for-ontologies/.
7 Virtual Solar-Terrestrial Observatory, http://vsto.hao.ucar.edu/.
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was focused on extending the ontology’s existing Instrument class. 8 Because
the primary instrument used in the GGP is a Superconducting Gravimeter 9 ,
the GroundBasedInstrument class of the VSTO ontology was extended to
include this and another type of gravimeter (LaCoste-Romberg). An illus-
tration of these extensions is provided in Fig. 1 via the OWLViz plug-in for
Protégé. 10 11 This figure makes explicit the relationships that exist between
a class and both (if applicable) its superclass and subclass. For example, it
is clear from this figure that SuperconductingGravimeter is a subclass of
Gravimeter.

Fig. 1. Extension of the VSTO ontology’s GroundBasedInstrument class for current
purposes. This schematic was generated automatically by the OWLViz plug-in for
Protégé.

By virtue of this extension of the GroundBasedInstrument class, the newly
defined gravimeters inherit both the hasLatitude and hasLongitude func-
tional properties. In addition to these functional properties that originated
in the VSTO ontology, the hasHeight functional property was added to the
Gravimeter class, and is therefore inherited by the two types of gravimeters
defined here. The relationship between these classes and their functional prop-
erties is illustrated in Fig. 2 via the OntoViz plug-in for Protégé. 12 This figure
makes explicit the relationships between classes and their properties. Again,
use of prefixes (e.g., vsto:) makes namespace considerations explicit.

8 The vsto namespace prefix makes explicit classes and properties that have been
imported from the VSTO ontology. Extensions to the VSTO ontology, by default,
are not prefixed. Color coding is also used in some cases to help make this distinction
clear.
9 Superconducting Gravity Meters, http://www.gwrinstruments.com/.
10 OWLViz, http://www.co-ode.org/downloads/owlviz/co-ode-index.php.
11 The extended ontology is also available online at http://brunhes.eas.yorku.-
ca/ontologies/vsto ggp.owl.
12 OntoViz, http://protege.cim3.net/cgi-bin/wiki.pl?OntoViz.
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Fig. 2. Extension of the VSTO ontology’s GroundBasedInstrument class for current
purposes. This schematic was generated automatically by the OntoViz plug-in for
Protégé.

The VSTO ontology is based on OWL Description Logic (DL), apparently
because (Singh and Huhns, 2005, §8.2):

OWL DL provides maximum expressiveness while ensuring computational
completeness (all valid conclusions can be inferred) and decidability (the
inferences take finite time).

Protégé allows the version of OWL to be determined. Thus, as the VSTO on-
tology is extended for GGP purposes, it is possible to ensure that the resulting
ontology remains OWL DL compliant. Not only is this matter of compliance
central to ensuring computational completeness and decidability, OWL-DL
compliance is also central to the discussion of annotation in the context of
formal ontologies. The annotation of formal ontologies is the focus of the fol-
lowing section (§2.2). And, as will be shown in §3, this compliance results
in a significant recommendation for those developing informal ontologies that
include feature-based annotations (Lumb et al., 2007).

2.2 Annotating Formal Ontologies Internally via OWL Annotation Proper-

ties

OWL allows classes, properties, individuals and even the ontology itself, to be
annotated with five, pre-defined properties. These properties are illustrated via
the Protégé OWL Classes view in Fig. 3. In the central foreground, the Select
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Table 1
The five, pre-defined annotations in OWL.

Property Typing Purpose Example

owl:versionInfo String OWL version information

rdfs:label String Meaningful, SG (Figure 3)

human-readable names

rdfs:comment String Additional information Superconducting-

Gravimeter (Figure 3)

rdfs:seeAlso URI Identify related resources

rdfs:isDefinedBy URI Reference an ontology

Fig. 3. Demonstrative use of several OWL annotation properties in the GGP exten-
sion of the VSTO ontology as illustrated via Protégé.

a property window identifies the available annotation properties that are
illustrated in this figure, and further detailed in Table 1. GGP-motivated
class extensions to the VSTO ontology appear in the background-left panel
(SUBLASS EXPLORER) of Fig. 3, while functional properties associated with
the highlighted SuperconductingGravimeter class appear in the background-
right-central panel (CLASS EDITOR), and disjoints with this same class appear
in the background-lower-right panel. Filled rdfs:comment and rdfs:label

annotation properties appear in the background-upper-right panel.
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Under OWL DL, the following constraints are placed on annotation proper-
ties: 13

• The sets of object properties, datatype properties, annotation properties
and ontology properties must be mutually disjoint;

• Annotation properties must have an explicit typing triple of the form

AnnotationPropertyID rdf:type owl:AnnotationProperty;

• Annotation properties must not be used in property axioms. Thus, in OWL
DL one cannot define subproperties or domain/range constraints for anno-
tation properties; and

• The object of an annotation property must be either a data literal, a URI
reference, or an individual.

Ultimately, of course, these constraints ensure that OWL DL remains com-
putational complete and decidable. 14 An important corollary in the current
context, however, is that these constraints also ensure consistency with the
Document Object Model (DOM). 15 This consistency is illustrated via Fig. 4.
From this illustration it is clear violating some of of the constraints on OWL
DL annotation properties would also result in violating the DOM.

2.3 Annotating Formal Ontologies Externally via XPointer

In the case of OWL-based ontologies, annotations are created within the on-
tology via one of five, pre-defined properties (§2.2). In addition in the case
of OWL DL, these annotations are constrained to have local filler, local class
instantiation (an Individual in a Protégé context), or make an external ref-
erence via a URI.

As shown by Lumb et al. (2007) and here in §3, XPointer is being used to
annotate informal ontologies. Because XPointer is able to annotate any XML-
based document, it is able to annotate a formal ontology as well.

In Fig. 5 the VSTO ontology 16 has been opened with the Mozilla Firefox Web

13 OWL Web Ontology Language Reference, W3C Recommendation 10 February
2004, http://www.w3.org/TR/2004/REC-owl-ref-20040210/. OWL Full does not
place constraints on annotation properties.
14 Practically, these constraints are required because annotation properties are ig-
nored by OWL DL reasoners (Knublauch et al., 2004).
15 Document Object Model (DOM) Level 2 Core Specification, Version 1.0,
W3C Recommendation 13 November, 2000, http://www.w3.org/TR/DOM-Level-
2-Core/.
16 The VSTO ontology, http://dataportal.ucar.edu/schemas/vsto.owl.
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Fig. 4. Mozilla Firefox based DOM inspection of a demonstrative OWL annotation
property in the GGP extension of the VSTO ontology.

Fig. 5. An annotated selection of the VSTO ontology viewed via the Annozilla
plug-in for Mozilla Firefox.

browser. 17 Using Annozilla, 18 the selection illustrated in the right-hand panel
has been annotated. The yellow “X” in the upper-left corner of this same panel
indicates that the annotation is of type Change. 19 The two left-hand panels of

17 Mozilla Firefox 2, http://www.mozilla.com/firefox/.
18 Annozilla (Annotea on Mozilla), http://annozilla.mozdev.org/
19 Annozilla supports the seven annotation types defined in the
http://www.w3.org/2000/10/annotationType annotation type namespace. Each
annotation type has its own yellow icon.
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Fig. 5 display an annotation list (upper left-hand panel) and the annotation
filler (lower left-hand panel) corresponding to the selected annotation. The
filler of the annotation is also presented in Fig. 6. It is clear from this figure
that the annotation filler can be formatted, has an identified author, location
(local or on a remote server), a type, and a language preference. Annotations
can be updated, and annotated. 20

Fig. 6. An annotated selection in Mozilla Firefox.

Because the Annozilla-based annotation is external to the VSTO ontology, the
constraints placed on annotation properties for OWL-DL compliance are not
violated. More precisely, identified selections are regarded as URI fragments
that are annotated non-invasively via XPointer. By referencing URI fragments
externally, XPointer annotates selections without violating the DOM (see also
Lumb et al., 2007).

For the selection identified in Fig. 5, Annozilla’s use of XPointer is detailed in
Listing 1. This listing is comprised of:

Namespace declarations Not surprisingly, the listing begins with a number
of namespace declarations. Of particular note in the current context are the
annotation-related declarations that have been assigned to the variables NS2
and NS3.

The annotation target Using an RDF:Description element, the target of
the annotation is identified. In this example, that target is the VSTO ontol-
ogy that is accessible at the identified URL (Uniform Resource Location).
The connection between this specification of the target and the annotation
itself is made through a unique identifier.

The annotation itself The annotation itself is contained in the final block
of the listing. Formatted filler is followed by annotation metadata. Of par-
ticular note is the use of XPointer to provide the context metadata for the
annotation. This relatively simple URI fragment is efficiently and completely

20 In this context, updating an annotation corresponds to editing the filler of a pre-
existing annotation. This is different from annotating a pre-existing annotation, as
in this latter case, a new annotation (with new filler) is created. Annotations can
be annotated by the author, or by someone else with the appropriate access.
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described using XPointer’s string-range function. 21

Listing 1. Annozilla-based annotation via XPointer.

<?xml version=” 1.0 ”?>
<RDF:RDF xmlns:NS4=” ht tp : // pur l . org /dc/ elements /1.0/ ”

xmlns:NS3=” ht tp : //www.w3 . org /2000/10/ annotat ion−ns#”
xmlns:NS2=” ht tp : //www.w3 . org /2000/10/ annotationType#”
xmlns:NS1=” ht tp : // cnx . r i c e . edu/ annotat i ons / l o c a l S e r v e r#”
xmlns:NC=” ht tp : //home . netscape . com/NC−r d f#”
xmlns:RDF=” ht tp : //www.w3 . org /1999/02/22− rdf−syntax−ns#”>

<RDF:Descr iption RDF:about=” ht tp : // datapor ta l . ucar . edu/schemas/ vsto . owl ”>
<NS1:annotatedBy RDF:resource=”urn:annot9236742601 ”/>

</RDF:Descr iption>

<RDF:Descr iption RDF:about=”urn:body9236742601 ”
NS1:bodyText=”&l t ; html

xmlns=&quot ; h t tp : //www.w3 . org /1999/ xhtml&quot ;&gt ;& l t ; head&gt ;& l t ; t i t l e&gt ;&ց

→ l t ; / t i t l e&gt ;& l t ; / head&gt ;& l t ; body&gt ; Lati tude
and long i tude can be used d i r e c t l y in the gravimeter context . A he ight
property needs to be added.& l t ; br/&gt ;& l t ; / body&gt ;& l t ; / html&gt ; ” />

<NS2:Change RDF:about=”urn:annot9236742601 ”
NS4 : cr eator=” Ian Lumb”
NS3:created=”2007−04−16 T11:48:18 −04 :00 ”
NS4:date=”2007−04−16 T12:02:21 −04 :00 ”
NS3:context=” ht tp : // datapor ta l . ucar . edu/ schemas/ vsto . owl#ց

→xpo inter ( s t r i ng−range (/ html [ 1 ] / body [ 1 ] / pre [ 1 ] , &quot ;&ց

→quot ; , 10874 , 626) ) ”
NS4: language=”en”>

<NS3:body RDF:resource=”urn:body9236742601 ”/>
<NS3:annotates RDF:resource=” ht tp : // datapor ta l . ucar . edu/schemas/ vsto . owlց
→”/>

</NS2:Change>
</RDF:RDF>

Annozilla maintains local annotations, such as the one shared via Listing 1, in
the file localAnnotations.rdf. 22 From the listing and the filename, it is clear
that Annozilla annotations are expressed in RDF. As noted by Lumb et al.
(2007), this is a highly appealing expression, as RDF-based representations
can be expressed in OWL 23 and (if desired) incorporated into OWL-based
ontologies.

Annozilla is enabled by installing three extensions to Mozilla Firefox: 24

21 string-range is one of a number of functions supported by XPointer.
http://www.w3.org/TR/xptr-xpointer/ provides additional details on the XPointer
scheme. Lumb et al. (2007) describe a related example in detail.
22 The localAnnotations.rdf file is located in the directory
/Library/Application Support/Firefox/Profiles/<unique identifier>.-

default/ on a Mac OS X based system for the default Profile in Mozilla
Firefox.
23 The extraction of OWL from RDF is given consideration in §3.1.
24 Annozilla (Annotea on Mozilla), Installation, http://annozilla.mozdev.org/-
installation/.
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xpointerlib A library to allow the use of XPointer
the annotations service A service allowing access to annotations
Annozilla The Annozilla client itself

The Annozilla implementation derives from the Annotea Project. 25 And al-
though the availability of an XPointer-based annotation capability in one of
the most-widely used Web browsers is of significant value, Mozilla Firefox
is not the only suitably enabled Web platform. For example, the first client
implementation of Annotea was the W3C’s Amaya Web browser/editor. 26

Regarded as an Integrated Development Environment (IDE) for the Web,
Lumb et al. (2007) recently used Amaya to develop annotations for informal
ontologies.

2.4 Annotating Formal Ontologies

In the previous two sections (§2.2 and §2.3), the possibilities for annotating
formal ontologies have been explored. Though complimentary, the approaches
are quite different. Perhaps the most-significant difference is drawn out by
Fig. 7. OWL annotation properties are internal to the ontology being anno-
tated. Under constraints placed upon annotation properties in an OWL DL
context, both the annotation and its filler are of internal origin (lower-left
quadrant of Fig. 7). In cases where external references are permitted, the
annotation is of internal origin, whereas the filler is an external URI refer-
ence (lower-right quadrant of Fig. 7). In striking contrast, annotations based
on XPointer are of external origin, but they target URI fragments that are
internal to the ontology (upper-left quadrant of Fig. 7). XPointer-based an-
notations could also target external URI references in relation to a selection
of the ontology (upper-right quadrant of Fig. 7).

Origin

Destination

Internal

External

External

Internal

OWL DL

XPTR

OWL DL

XPTR

Fig. 7. Origin/destination clarification for annotations.

25 Annotea Project, http://www.w3.org/2001/Annotea/.
26 Welcome to Amaya, W3C’s Editor/Browser, http://www.w3.org/Amaya/.

11



One of the appealing characteristics of internally originating annotation prop-
erties (§2.2) is that the annotations and ontology are self-contained. Of course,
it would be possible to combine such an ontology with the externally originat-
ing annotations described here. Given the less-restrictive nature of externally
originating annotations, however, the likelihood of violating the OWL-DL-
based constraints on annotation properties would be very high. For exam-
ple, in annotating multiple functional properties (Fig. 5), these constraints
are violated. Annotations that annotate existing annotations provide another
constraint-violating example. In other words, constraint-violating examples
are easily found. This does not mean that ontologies (with internally originat-
ing annotations) cannot be combined with externally originating annotations
to define an integrated ontology. What it does mean, however, is that the re-
sulting ontology is very unlikely to be expressible via OWL DL. As a further
consequence, this also means that the resulting ontology is not guaranteed
computational completeness and decidability. In cases where these character-
istics are desirable, it is thus recommended that ontologies and externally orig-
inating annotations remain separate and distinct. These findings have equal
applicability to informal ontologies (§3).

The term annotation is used liberally in various OWL specifications. 27 Despite
this liberal usage, the term is not defined. OWL’s usage is essentially consis-
tent with one of the earliest definitions of the term in a World Wide Web
context: 28 “Annotation is the linking of a new commentary node to someone
else’s existing node. It is the essence of a collaborative hypertext.” However,
the internal-external distinction captured by Fig. 7 becomes problematical in
consideration of more contemporary definitions: 29

Annotations are comments, notes, explanations, or other types of external
remarks that can be attached to a Web document or a selected part of
the document. As they are external, it is possible to annotate any Web
document independently, without needing to edit that document. From the
technical point of view, annotations are usually seen as metadata, as they
give additional information about an existing piece of data.

Apparently these different perspectives of annotation, originating in separate
areas of the W3C, have not yet been taken into account.

Annotation types provide another example of the apparent isolation between
the OWL and XPointer communities within the W3C. To illustrate this isola-
tion, consider the annotation properties Comment and SeeAlso. As related in
§2.2), OWL defines these and its other annotation properties within language.

27 OWL Web Ontology Language Overview, W3C Recommendation 10 February
2004, http://www.w3.org/TR/2004/REC-owl-features-20040210/.
28 T. Berners-Lee, Annotation, http://www.w3.org/Design-Issues/Annotation.
29 Amaya Version 9.52, http://www.w3.org/Amaya/.
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In contrast, XPointer draws upon an external namespace for its annotation
types 30

As usage of annotations in formal ontological contexts accelerates, there will be
an increasingly pressing need for the W3C to develop a much more consistent
representation that cross-cuts the current distinctions evident in the OWL
and XPointer communities.

3 Annotating Informal Ontologies

After introducing informal ontologies in §3.1, attention focuses on annotation
in §3.2.

3.1 Informal Ontologies

In the case of the GGP, and in contrast with the knowledge-representation
progression implied in the previous section (§2), previous efforts have focused
on the development of informal ontologies. Although the details are provided
elsewhere (Lumb and Aldridge, 2005a, 2006), the key aspects captured by the
visual summary presented in Fig. 8 are:

Stage I On a monthly basis for each station, GGP data is comprised of pri-
mary (gravity and atmospheric pressure), auxiliary (e.g., ground water mea-
surements) and log data, respectively, contained within three files. Three
templates, one for each of the three types of GGP data, allow for the auto-
mated conversion from semi-structured ASCII into an XML-based represen-
tation known as Earth Sciences Markup Language (ESML) (Ramachandran
et al., 2004). 31 Critical to the conversion is the use of an XML-based schema
for ESML and software that accomplishes the required processing.

Stage II From the XML-based representation of GGP data, relationships are
automatically extracted. Critical to this second stage is the use of eXten-
sible Stylesheet Language Transformations (XSLT) to facilitate the conver-

30 Annotation Type Namespace, http://www.w3.org/2000/10/annotationType.
31 Although Earth Sciences Markup Language (http://esml.itsc.uah.edu) is appeal-
ing for a number of reasons (e.g., Lumb and Aldridge, 2005a, 2006), the impending
availability of an implementation of the standards-based Data Format Description
Language (DFDL, http://forge.gridforum.org/projects/dfdl-wg) has the potential
to replace the current reliance on ESML in the not too distant future. This poten-
tial modification, however, does not result in any loss of generality with respect to
the semantic framework reported here or in GGP-related previous investigations.
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sion and software that produces RDF representations via GRDDL-based
processing.

Stage III From the RDF-based representation of GGP data, classes, prop-
erties and individuals are automatically extracted. Although a strategy for
this extraction of OWL from RDF does exist, the availability of parser im-
plementations requires further research. “An OWL-RDF parser takes an
RDF/XML file and attempts to construct an OWL ontology that corre-
sponds to the triples represented in the RDF.” 32 In addition to the parser,
XSLT is again expected to play a critical role in this conversion.

In an automated, bottom-up process, the systematic enhancement in semantic
expressivity and richness (Fig. 8) begins with a data representation in XML,
and ultimately results in an ontological representation in OWL. Once again,
the resulting knowledge representation is referred to as an informal ontology
(Lumb and Aldridge, 2005b, 2006), or in some cases a folksonomy (Morville,
2005). Because they can in principle be constructed on demand, these knowl-
edge representations have also been referred to as virtual ontologies. 33

3.2 Annotating Informal Ontologies

Recently, annotation via XPointer was introduced as a means of better rep-
resenting GGP log data (Lumb et al., 2006, 2007). In this work, annotations
were used to represent captured events in the GGP log data as features of the
GGP data. Because this annotation process is completely analogous to that
presented here in §2.3, and is also detailed by Lumb et al. (2007), it is not
necessary to repeat the details here.

As noted earlier (§2.3) and by Lumb et al. (2007), the expression of annotations
in RDF is a particularly welcome one. In the latter case, Lumb et al. (2007)
reported that the RDF-based representation allowed them to rapidly integrate
feature-based annotations into the the semantic framework that they had es-
tablished previously (Lumb and Aldridge, 2006) for the GGP. Furthermore,
based on the established value of favoring an early introduction of RDF-based
representations, these authors also favored an early integration of RDF-based
annotations (Lumb et al., 2007, Fig. 4). Although the discussion of §2.4 doesn’t
preclude such ontology-annotation integration, this discussion does suggest
that the resulting OWL species is very likely to be OWL Full. And while
OWL Full is not inherently problematical there is, however, the possibility
that there will be a corresponding loss of computational completeness and

32 OWL Web Ontology Language, Parsing OWL in RDF/XML, W3C Working
Group Note 21 January 2004, http://www.w3.org/TR/owl-parsing/.
33 I. Lumb, Virtual Ontologies, http://ianlumb.wordpress.com/2006/12/15/virtual-
ontologies/.
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GGP.log

GGP.xml GRDDL 
Processor

GGP.rdf

GGP_RDF.xsl

GGP.rdf OWL 
Processor

GGP_OWL.xsl

GGP.owl

GGP.dat
ESML 

Processor
GGP.xml

GGP ESML
Template

ESML.xsd

ESML.xsd

GGP.aux

Stage I

Stage III

Stage II

Fig. 8. Schematic illustration of the progressive enhancement in semantic expres-
sivity and richness of GGP data. Semi-structured ASCII data is represented in
XML via ESML (Lumb and Aldridge, 2005a), then RDF via GRDDL (Lumb and
Aldridge, 2006), and finally OWL.

decidability. Such a loss is of particular concern when use of a reasoner 34 is
required to, for example, determine inferred classes (Horridge et al., 2004).

In addition to the tendency towards OWL Full when XPointer-based annota-
tions are involved, annotation also complicates the Stage III (§3.1 and Fig. 8)
extraction of OWL from RDF. For example, current strategies relating to
this conversion are focused on OWL DL and OWL Lite. 35 Thus annotation’s
tendency towards OWL Full may necessitate that annotations and informal
ontologies remain separate, rather than being fully integrated. As alluded to in
the previous section, this is an area in which further research is required. This
is an important area for research, as it closes the loop in the automated de-
velopment of annotated informal ontologies from data-centric representations

34 RacerPro 1.9, http://www.racer-systems.com/.
35 OWL Web Ontology Language, Parsing OWL in RDF/XML, W3C Working
Group Note 21 January 2004, http://www.w3.org/TR/owl-parsing/.
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based on XML.

Thus the downsides of developing a self-contained annotated informal ontology
can be significant. Fortunately, the potentially dynamic nature of annotations
and informal ontologies, allows for decisions in real time and/or multiple out-
comes.

Even though the XPointer-based realization of annotation is consistent with
the definitions of annotation presented in §2.3, this is a term that is not defined
in the W3C’s XPointer specifications. 36 This was also true in the case of the
W3C’s specifications relating to OWL.

In the case of formal ontologies, it was necessary to distinguish between in-
ternally (via OWL annotation properties) and externally (via XPointer) orig-
inating annotations (§2.4 and in particular Fig. 7). Thus far, in the case of
informal ontologies, no such distinction has been made as attention has focused
on externally originating annotations based on XPointer. However, Lumb et al.
(2007) did consider and dismiss an internally originating annotation scheme
that would have required extension of the XML-based schema used in ESML.
These same authors raised even more compelling concerns:

Because interests are not limited to use cases derived from the GGP, it is
important to anticipate situations where it might be necessary to violate the
fundamental DOM behind XML and XML Schema. Even cursory consider-
ation of two-dimensional images provides for a compelling instance of such
a violation. In such a case, ESML is DOM based, yet features may cross
element boundaries. None of the possibilities for enhancing and/or extend-
ing ESML (including extending the ESML schema) can take into account
such by-design violations. Again, true for ESML, this also applies to any
XML-based representation.

Even though the contexts are different, internally originating schemes share
analogous concerns. Fortunately in the case of formal ontologies, the availabil-
ity of OWL Full does not place the same degree of restrictions as does the need
to violate the XML DOM in the case of XML-based representations. With all
of this in mind, it is evident why XPointer was designed as a non-invasive
referencing mechanism for annotation.

36 XML Pointer Language (XPointer), W3C Working Draft 16 August 2002,
http://www.w3.org/TR/xptr/.
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4 Discussion

Using Protégé, the VSTO formal ontology was modestly extended for use by
the GGP (§2.1). Rather than develop a comprehensive formal ontology for the
GGP based on the VSTO ontology, the objective here was to focus on anno-
tation. OWL supports five, pre-defined properties that allow for annotation
within an ontology (§2.2). Provided various constraints are observed, these an-
notations do not alter the computational completeness and decidability of the
OWL DL based VSTO ontology. Even under the constraints required to en-
sure OWL DL based compliance, internally originating annotations can make
various internal or external references. As a corollary, these constraints also
ensure consistency with the container-oriented DOM that is inherited by OWL
and RDF from XML. Violation of the constraints causes OWL DL to revert
to OWL Full; as a consequence computational completeness and decidability,
plus compliance with the DOM, are all no longer guaranteed.

XPointer provides an alternative approach for annotating formal ontologies
(§2.3). Because selections to be annotated are regarded as URI fragments
that are identified only by reference, XPointer-based annotations respect the
DOM while being very flexible (i.e., they are not heavily constrained). Also
unlike OWL’s built-in functionality for annotations, XPointer-based annota-
tions originate external to the ontology, and can be stored locally or remotely.
Like OWL’s built-in functionality for annotation, XPointer is based on W3C
standards and is becoming increasingly available to end users.

Just by focusing on the annotation of formal ontologies, a number of impor-
tant observations were made (§2.4). Most fundamentally, and despite the fact
that the term is frequently used, annotation has not been universally defined.
Although annotation can be fairly consistently regarded as editorial meta-
data (Horridge et al., 2004; Lumb et al., 2007), or even information about
data, there exists considerable latitude regarding the origin/destination scope
of annotation. In the language-centric OWL context, annotations originate
internal to the ontology and can annotate internally and to some extent ex-
ternally. Anecdotally, this remains a common usage mode for annotation as
evidenced in the online 37 and off line literature (e.g., Corcho, 2006; Hand-
schuh and Staab, 2003) plus most-mature scientific projects. 38 In contrast in
the referencing-based case of XPointer, annotations originate external to the
formal ontology, and can annotate the ontology itself or make external refer-
ences. Fig. 7 attempted to clarify this not entirely subtle distinction. The two
solitudes with respect to definitions is carried forward in terms of differences

37 Annotation and Authoring, http://annotation.semanticweb.org/.
38 uniprot RDF Introduction, http://dev.isb-sib.ch/projects/uniprot-rdf/intro.-
html.
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in annotation terminology. As a very concrete example, both the OWL and
XPointer communities separately define and make use of the same annotation
properties or types. There is clearly an opportunity for the W3C to better
harmonize the efforts between these distinct communities, their efforts and
common interests.

Even though it is by far the most commonly applied strategy for develop-
ing knowledge representations, the top-down development of formal ontolo-
gies is not the only option available. Thus §3.1 summarized an approach that
is being developed to construct ontologies informally from the bottom-up.
The three-stage, data-centric process commences with an XML representa-
tion from which relationships are extracted via GRDDL and represented in
RDF. Subsequently, classes, properties and individuals are extracted from the
RDF representation to arrive at an informal ontology cast in OWL. Although
the first two stages are demonstrable today, the final stage requires attention
to translate a technology strategy 39 into a technology implementation. It is
hoped that community-based efforts will soon make this extraction of OWL
from RDF a focal point in a manner analogous to that that has resulted in
GRDDL.

Recently, the XPointer-based approach has been applied in the informal on-
tology context to annotate features evident in data (§3.2). Because the re-
sulting annotations are already expressed in RDF, the prevailing wisdom was
to incorporate these feature-based annotations as early as possible into the
informally derived knowledge representations. Top-down experience with for-
mal ontologies (§2) cautions that while this remains technically feasible, there
are potentially serious complications that are very likely to arise. Specifically,
the flexibility inherent in XPointer-based annotations causes a reversion to
OWL Full, as OWL DL is unable to accommodate internally directed anno-
tation contexts otherwise routine in XPointer. This reversion is of potentially
serious concern as OWL DL has highly desirable characteristics relating to
computational completeness and decidability. These characteristics become
increasingly important, for example, when reasoning is required to derive in-
ferred classes. These potentially serious ramifications suggest corresponding
best practices regarding the incorporation of reference-based, externally orig-
inating annotation schemes such as that employed by XPointer. As a conse-
quence, there will exist cases in which it is necessary to keep ontologies and
their corresponding annotations separate. These considerations apply to both
formal and informal ontologies.

In §2, the efforts of the VSTO were used as a point of ontological leverage by
the GGP. In that context, the GGP is an ontology consumer, whereas VSTO

39 OWL Web Ontology Language, Parsing OWL in RDF/XML, W3C Working
Group Note 21 January 2004, http://www.w3.org/TR/owl-parsing/.
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is an ontology provider. Lumb and Aldridge (2006), however, anticipated that
a degree of ontological reciprocity was also a likely outcome:

The RDF introduction also establishes the basis for a much-richer data ex-
perience for the GGP (Lumb and Aldridge, 2005a,b). Phrased differently,
the systematic introduction of context enhances semantic richness by trans-
forming data into information, and information into knowledge. This well-
established “stack of expressive power” 40 is clearly of value to the GGP in
isolation (Lumb and Aldridge, 2005a). However, even more compelling is
the broader context within which GGP data now has currency and utility
...

In other words, this reciprocity has the potential to establish (in this case)
VSTO and GGP as peer prosumers 41 in an ontological context.

To better understand the potential for a reciprocal relationship on an ontolog-
ical level between the VSTO and GGP, consider the following recontextualiza-
tion of §2.1. Previously, the VSTO ontology’s GroundBasedInstrument class
was extended to rapidly prototype a modest class hierarchy (Fig. 1) explicitly
for use by the GGP. In this context, the GGP is a consumer of the VSTO-
produced ontology that was extended for its use (upper arrow of Fig. 9). From
the perspective of VSTO, however, additional instruments have been added
into its ontology. In other words, VSTO can be regarded as a consumer of the
newly defined instrument classes derived from the GGP-driven extension of the
original VSTO ontology (lower arrow of Fig. 9). If this extension were propa-
gated through to the “VSTO Guided Workflow: Start by Instrument,” 42 then
the class GroundBasedInstrument would include the possibility of selecting
the gravimeters added to the VSTO ontology (§2.1).

Thus, from purely a knowledge-representation perspective, a degree of reci-
procity is necessarily established between VSTO and GGP. To the level ex-
plored here (i.e., in §2.1), however, the scientific sufficiency of the VSTO-GGP
reciprocity has not been fully established. In other words, there has been no
attempt to establish the scientific basis for a VSTO researcher to have an in-
terest in GGP-related instruments. Although gaining closure with respect to
scientific sufficiency is beyond the current scope, it is possible to provide an
overview of this possibility.

The instrument-oriented extensions provide a starting point for establishing

40 T. Berners-Lee, Semantic Web Concepts, http://www.w3.org/2005/Talks/0517-
boit-tbl/#[27].
41 Prosumer as Producer and Consumer, http://en.wikipedia.org/wiki/Prosumer#-
Prosumer as Producer and Consumer.
42 Virtual Solar Terrestrial Observatory, VSTO Guided Workflow: Start by Instru-
ment, http://vsto.org/data/byInstrument.htm.
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GGP Extensions

Fig. 9. Reciprocity between ontologies used by the VSTO and GGP communities.

the scientific sufficiency of the VSTO-GGP reciprocity. Both members (Fig. 1)
of the two-member class Gravimeter record relative changes in Earth’s accel-
eration due to gravity as their primary observable. In addition to capturing
the tidal, seismic, and various other effects of interest to the GGP commu-
nity (Crossley et al., 1999), these instruments also observe solar heating tides
(Crossley and Xu, 1998; Hu et al., 2005; Smylie et al., 1993). Regarded as un-
wanted signals by the GGP community, data on solar heating tides may be of
interest to the VSTO community. By introducing GGP-derived data on solar
heating using an ontological approach, the VSTO community is provided with
this data in an appropriate context without necessarily needing to understand
details regarding gravimeters or the GGP.

Although the approach described above relies upon the earlier discussion
around formal ontologies, informal ontologies could also be used to extend the
VSTO ontology. As in the case of formal ontologies, from purely a knowledge-
representation perspective, there is a basis for ontological reciprocity. Ensuring
scientific sufficiency requires additional effort.

Whether in formal or informal ontologies, and provided they follow the con-
straints required to ensure compliance with OWL DL, internally originating
annotations do not affect the ontological reciprocity discussed here. The same
applies to externally originating annotations, provided they remain external
- i.e., they are not integrated into revised, self-contained ontology. In cases
where externally originating annotations have been integrated with the on-
tologies they annotate, ontological reciprocity is less likely to be guaranteed
as OWL Full is likely required to adequately represent the integrated entity.

Despite the scientific motivations inherent here, and illustrative use of GGP
and VSTO in particular, the present work is broadly applicable to the anno-
tation of formal and informal ontologies regardless of discipline.
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