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Abstract—In this paper, we consider the problem of managing 
multiple temporal versions of an ontology. For example, in the 
legal and e-Government domains, temporal versions of an 
ontology are a natural consequence of the dynamics involved in 
normative systems. To this purpose, we introduce “The Valid 
Ontology” approach, by adapting to OWL-encoded ontologies 
a versioning scheme we proposed in the past for generic Web 
resources. In particular, we propose to use a single temporal 
XML document to represent and store a multi-version 
ontology and use a temporal XML query processor to 
efficiently extract valid OWL ontologies from the XML 
document as temporal snapshots. The result is an efficient 
ontology temporal versioning solution, relying on standard 
XML technology. 

Keywords-ontology; temporal versions; timestamp; OWL; 
XML 

I. INTRODUCTION 
In previous work, we studied the design and 

implementation of Web information systems for e-
Government applications [8,10,11]. In particular, we 
proposed the adoption of temporal database and Semantic 
Web techniques to provide personalized access to multi-
version resources and services provided by the Public 
Administration. The offering of personalized versions is 
aimed at improving and optimizing the involvement of 
citizens in the e-Governance process. In particular, we 
considered the selective access to norm texts and documents 
made available on Web repositories in XML format [25], 
where personalization is supported by means of an 
underlying ontology [8]. However, as explained in details in 
the section which follows, temporal versioning of the 
ontology is required to provide the correct temporal 
perspective to personalization in such a context, and has not 
been considered before. In order to fill this gap, we present 
in this paper “The Valid Ontology”, a simple solution to the 
ontology temporal versioning problem, relying on standard 
XML technology. In particular, it is based the adoption of a 
single temporal XML document [5] to represent a multi-
version ontology, from which single ontology versions can 
be extracted as snapshots via a suitable preprocessing with 
the help of a temporal XML query engine. 

The paper is organized as follows. Section II is devoted 
to the description of the application scenario, which provides 
motivation and background to this work. In Section III, we 
present “The Valid Ontology”, our simple approach to 
represent and manage multi-version OWL ontologies [23]. 

Related work will be briefly discussed in Section IV, 
whereas conclusions and future work directions can be 
finally found in Section V. 

II. MOTIVATON 
In the e-Government framework, the fast dynamics 

involved in normative systems implies the coexistence of 
multiple temporal versions of the norm texts stored in a 
repository, since laws are continually subject to amendments 
and modifications. In fact, it is crucial to reconstruct the 
consolidated version of a norm as produced by the 
application of all the modifications it underwent so far, that 
is the form in which it currently belongs to the regulations 
and must be enforced today. However, also past versions are 
still important, not only for historical reasons: for example, if 
a Court has to pass judgment today on some fact committed 
in the past, the version of norms which must be applied to 
the case is the one that was in force then. In other words, 
temporal concerns are widespread in the e-Government 
domain and a legal information system should be able to 
retrieve or reconstruct on demand any version of a given 
document to meet common application requirements. Hence, 
personalization in such a context is based on the user’s 
temporal perspective.  

Furthermore, another kind of versioning plays an 
important role in an e-Government scenario, because some 
documents or some of their parts have or acquire a limited 
applicability. For example, a given norm (e.g., defining tax 
treatment) may contain some articles which are applicable to 
different classes of citizens: one article is applicable to 
unemployed persons, one article to self-employed persons, 
one article to public servants only and so on. Hence, a citizen 
accessing a retrieval service may be interested in finding a 
tailored version of the norm, that is a version only containing 
articles which are applicable to his/her personal case. Hence, 
personalization in such a context is based on limited 
applicability to the citizen’s case and semantic versioning is 
required to the document repository. Finally, notice that 
temporal and limited applicability aspects though orthogonal 
may also interplay in the production and management of 
versions. For instance, a new norm might state a 
modification to a preexisting norm, where the modified norm 
becomes applicable to a limited category of citizens only 
(e.g., retired persons), whereas the rest of the citizens remain 
subject to the unmodified norm. 

In such an application context, personalization is based 
on a special kind of ontology-based user profiling, where 
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<xsd:scheme>
  <xsd:simpleType name=”over20”> 
    <xsd:restriction base=”xsd:positiveInteger”> 
      <xsd:minInclusive value=”21” /> 
    </xsd:restriction> 
  </xsd:simpleType> 
</xsd:scheme> 
 
<xsd:scheme> 
  <xsd:simpleType name=”over17”> 
    <xsd:restriction base=”xsd:positiveInteger”> 
      <xsd:minInclusive value=”18” /> 
    </xsd:restriction> 
  </xsd:simpleType> 
</xsd:scheme> 

citizens are classified according to their position before the 
law in order to find out the exact resources which apply to 
their individual case [11]. To this purpose, we introduced a 
civic ontology, which corresponds to a classification of 
citizens based on the distinctions introduced by successive 
norms (founding acts) that imply some limitation, total or 
partial, in their applicability [8]. For instance, Fig. 1 depicts a 
portion of a civic ontology built from a small corpus of 
norms ruling the status of citizens with respect to their work 
position. Hence, the XML encoding of norm documents can 
be extended with semantic annotations linking the text 
portions with the ontology classes they are applicable to and 
which can be used by a suitable query engine to produce a 
personalized version of the document. 

Figure 1.  A sample portion of a civic ontology. 

However, in our previous work we did not take into 
account the fact that also the civic ontology definition itself 
is subject to modifications due to the dynamics of the 
normative systems, because also the ontology founding acts 
possibly undergo amendments and modifications. Therefore, 
exact positioning of a citizen in the framework of the 
regulations valid at a given time in the past should be 
effected, for consistency reason, by classifying the citizen 
with reference to the version of the civic ontology which was 
valid at the same time point. In other words, the right 
temporal perspective must be given also to the citizen 
classification process. For example, assume that, in a given 
state, a law in force from January 1, 1990 has changed the 
definition of  “adult” from a 21-year old person to an 18-year 
old person. Since adults have a different status before the law 
with respect to juveniles (e.g., concerning the possibility to 
legally own a gun, have sex, drink alcohol, drive a car, etc.), 
their behavior might be evaluated right or wrong according 
to their legal age. Moreover, being an adult or not could be 
considered either an extenuating or an aggravating 
circumstance when considering an illegal behavior. Hence, a 
Court which has to pass judgment today on a crime 
committed in the past, not only must apply the version of 
norms applicable to the crime which were in force then, but 
also classify the citizen with respect to the version of the 
civic ontology which was valid then in order to find out the 
right norms which are properly applicable to the case. For 
example, it is important to ascertain whether an accused 
person, who was 20-year old at the time of the crime, was 
actually already an adult or not. If the crime has been 
committed before 1990, the answer is negative, according to 
the ontology version valid at the time of the crime, which 
must be used for a correct classification. 

Therefore, the framework assumed in our previous works 
must be extended to include representation and storage of  
ontologies in multi-version format and a query facility to 
extract a valid ontology as a temporal snapshot from the 
multi-version repository. 

III.  “THE VALID ONTOLOGY” APPROACH 
In order to introduce multi-version temporal ontologies, 

we propose to apply a scheme quite similar to “The Valid 
Web” approach we introduced in [7] for generic World Wide 
Web resources (e.g., HTML pages). We assume ontologies 
are defined using the OWL language [23] or a sublanguage 
of it (which was a requirement in the e-Government domain) 
and represented as RDF/XML documents. In particular, we 
propose to add a custom XML markup to OWL documents 
which allows us to mark the boundaries of versioned 
portions and add timestamps to versions.  

Let us work on our example of adult age change 
introduced on January 1, 1990. We assume the “adult age” 
before and after the change correspond to the data types 
over20 and over17, respectively, defined as restrictions of 
the positive integer domain in an XSD Schema [26] as 
shown in Fig. 2.  

Figure 2.  Example of “over17” and “over20” XSD data type definitions. 

Hence, the “Adult” class definition in the multi-version 
civic ontology can be defined as shown in Fig. 3, that is as 
consisting of two versions, the former equivalent to: 

  Adult = Person ┌┐ ∃age.over20 (valid from 1900 to 1989) 

and the latter equivalent to: 

  Adult = Person ┌┐ ∃age.over17 (valid from 1990 on). 

In “The Valid Ontology” approach, both class and 
property definitions can be versioned and timestamped, also 
allowing IS-A hierarchies to arbitrarily evolve between 
versions. However, we presented here a versioning example 
involving XSD Schema types (actually not part of the OWL 
standard) only for the sake of providing a reasonably 
compact, significant and easy to understand example. 

C0: CITIZEN 

C1: UNEMPLOYED C2: EMPLOYEE C3: RETIRED 

C4: SUBORDINATE C5: SELF-EMPLOYED

C6: PUBLIC C7: PRIVATE 
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 FOR $a IN document(“ontocivic_versioned.xml”)
 WHERE tempConstr( “from<=’1990-03-12’ 
                    and to>=’1990-03-12’” ) 
 RETURN $a 

<?xml version=”1.0”?>
<rdf:RDF xmlns:rdf= ……  > 
<owl:Ontology rdf:about=”” /> 
… 
<owl:Class rdf:ID=”Adult”> 
 
  <owl:intersectionOf rdf:parseType=”Collection”> 
    <owl:Class rdf:about=”#Person”/> 
    <owl:Restriction> 
       <owl:onProperty rdf:resource=”#age” /> 
 
          <owl:someValuesFrom rdf:resource= 
                       ”myNamespace/xsdExample#over17” /> 
 
    </owl:Restriction> 
  </owl:intersectionOf> 
 
</owl:Class> 
 
… 
</rdf:RDF> 

<?xml version=”1.0”?> 
<rdf:RDF xmlns:rdf= ……  > 
<owl:Ontology rdf:about=”” /> 
… 
<owl:Class rdf:ID=”Adult”> 
 
  <owl:intersectionOf rdf:parseType=”Collection”> 
    <owl:Class rdf:about=”#Person”/> 
    <owl:Restriction> 
       <owl:onProperty rdf:resource=”#age” /> 
 
       <version num=”1”> 
       <timeStamp from=”1900-01-01”  
                                to=”1989-12-31” /> 
          <owl:someValuesFrom rdf:resource= 
                       ”myNamespace/xsdExample#over20” /> 
        </version> 
 
       <version num=”2”> 
       <timeStamp from=”1990-01-01”  
                                to=”9999-99-99” /> 
          <owl:someValuesFrom rdf:resource= 
                       ”myNamespace/xsdExample#over17” /> 
        </version> 
 
    </owl:Restriction> 
  </owl:intersectionOf> 
 
</owl:Class> 
 
… 
</rdf:RDF> 

Figure 3.  Fragment of a versioned ontology definition. 

Notice that the resulting temporal XML [5] document 
does not represent a legal OWL (or RDF) ontology 
definition, as new tags “version” and “timeStamp” are not 
legal OWL elements and, thus, they would not be recognized 
by any OWL processor. However, our proposed multi-
version format allows us to represent multiple ontology 
versions in a compact temporal XML form. Then, when a 
single ontology version (e.g., the one valid at a given date) is 
required, a temporal XML processor can be used to extract 
the desired snapshot. In particular, the XML temporal 
processor we developed in our previous work [10] can very 
efficiently be used to this purpose. For instance, in order to 
extract the version valid on March 12, 1990, the query 
shown in the Fig. 4 which follows (expressed in XQuery [27] 
syntax) can be issued. 

Figure 4.  Temporal query to reconstruct the ontology snapshot valid on 
1990, March 12. 

 

 
Figure 5.  The ontology version retrieved by the query in Fig. 4. 

The query results would be as shown in Fig. 5, and can 
be interpreted as a regular OWL ontology definition by any 
OWL-compliant tool like a reasoner.  

However, one of the main advantages of “The Valid 
Ontology” approach is that it can be deployed with standard 
XML technology, as it was for the original “The Valid Web” 
approach. In our personalization framework, we could use 
−at no additional cost− the available XML query engine used 
for retrieving norm documents to also extract temporal 
snapshots of the ontology from the multi-version repository. 
If the ontology definition is not very large indeed, off-the-
shelf XML tools can also be used to extract snapshots. For 
example, even an XSL style sheet quite similar to the one 
proposed in “The Valid Web” approach can be used to 
extract temporal snapshots from the multi-version XML 
ontology. Else, a commercial XQuery engine can be used as 
well, as it was in our first implementation of the e-
Government personalization framework based on a 
“stratum” approach [11]. Although we clearly showed that 
the “stratum” approach is outperformed in almost any query 
setting by the “native” XML processor (based on partitioned 
storage and temporal-aware holistic twig join algorithms 
[19]), performance is not actually a matter of concern when 
the multi-version ontology is not very large. Notice that 
preliminary investigations showed that, in this application 
domain, the real problem is the management of the versioned 
extant XML norm documents, whose size exceeds by orders 
of magnitude the size of the civic ontology in RDF/XML 
format. Hence the query engine designed to search the norm 
repository can also be used for the ontology version 
management with an almost negligible overhead. 

In this paper, for the sake of simplicity, we only consider 
a single temporal dimension (i.e. valid time [5,17]) for 
versioning, although other temporal dimensions could be 
easily added. For instance, in the e-Government scenario, 
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also efficacy, publication and transaction time dimensions 
are meaningful and could be taken into account [9]. The 
advantage of a compact representation of multiple versions 
in a single XML document as part of “The Valid Ontology” 
approach is even magnified by the introduction of additional 
time dimensions, with respect to separate storage of 
individual versions, where the number of versions explodes 
due to changes along different time dimensions and 
unmodified ontology parts are duplicated along consecutive 
versions. 

IV. RELATED WORK 
Several authors in the Semantic Web field previously 

considered ontology evolution and versioning problems 
[1,2,4,6,13,14,15,18,20,21]. Some works focused on 
modeling, implementing and detecting changes in the 
framework of an ontology management system [6,18,20,21]. 
Other works stressed the consistency problem in the 
presence of ontology evolution [4,13]. Some authors used 
ontology versioning to support different viewpoints or 
contexts over the same extant data through different ontology 
versions [1,2,15]. 

In our approach, the existence of multiple temporal 
versions is a requirement of the application field and not a 
feature of the ontology authoring environment or 
management system to be kept under control. Moreover, the 
only consistency which has to be enforced in an e-
Government personalization framework is bound to the 
temporal perspective. As a matter of fact, the temporal 
perspective has to be the same in the choice of the ontology 
version and of the data resources indexed by the ontology 
classes, which must be valid at the same time (synchronous 
management [3]). In particular, prospective and retrospective 
use of ontologies [18] is not allowed. Other consistency 
problems generally considered for ontology evolution, like 
consistency between different versions of the same ontology, 
are not relevant in this context: in the legal domain, 
successive ontology versions can actually be mutually 
inconsistent as changes are a consequence of authority 
decisions taken by human beings, the lawmakers, for whom 
consistency and even rationality is not usually a priority. 
Inconsistency between successive versions can arbitrarily 
and deliberately be introduced, possibly reflecting a change 
of mind or a different political view on some state of affairs, 
or simply being a unwelcome side-effect. The temporal 
perspective, which requires to retrieve the temporal version 
of the ontology and of the related resources valid at a time 
point in the past, can be considered as a special kind of 
viewpoint/context. 

On the other hand, temporal versioning of ontologies has 
also been explicitly considered by other authors [12,16]. 
However, although such proposals provide a solid semantic 
foundation and introduce languages for temporal reasoning 
on multi-version ontologies, they do not seem suitable to 
efficiently support single version extraction as required in an 
ontology-based personalization environment like the one we 
devised for e-Government applications. 

V. CONCLUSION AND FUTURE WORK 
In this paper, we presented “The Valid Ontology”, a 

simple framework to represent and store multiple temporal 
versions of an ontology in a compact temporal XML format 
and efficiently extract ontology snapshots from the multi-
version XML document via a temporal XML processor. The 
proposed solution completes a personalization platform for 
e-Government applications we previously designed to 
support ontology-based personalized access to e-Government 
resources, where personalization is based on a user-defined 
temporal perspective and applicability constraints embedded 
in semantic annotations [11]. Temporal versioning of the 
underlying ontology is necessary to ensure consistency 
between the temporal perspective and the evolution of 
applicability constraints. 

The main advantage of “The Valid Ontology” approach 
is that it can be deployed with standard XML technology. In 
our personalization framework, we could use −at no 
additional cost− the available XML query engine also to 
extract temporal snapshots of the ontology form the multi-
version repository. In our future work, we will also consider 
management of temporal versions of large ontologies built 
using triple-store technology [22], which is suitable to 
implement scalable architectures for semantics based 
information systems. RDF triple representation can be easily 
extended with timestamps in order to capture temporal 
versioning. Another option we plan to consider is the 
introduction of version timestamps through the annotation 
feature in OWL 2 [24] ontology specifications. 

Future work will also be devoted to a more complete 
assessment and performance evaluation of “The Valid 
Ontology” approach in a real e-Government scenario. Multi-
version ontologies (built from a corpus of Italian norms 
concerning education) are currently under development to 
this purpose. Other application fields where “The Valid 
Ontology” approach could be used or adapted (e.g., 
management of Clinical Guidelines [10]) will also be 
explored. 
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