






Figure 3. Permission Assignment in RelBAC

ject and object ontologies. By exploiting the theory of Lightweight
Ontology as described in [5, 7], the arbitrarily manual structure is
transformed into a lightweight ontology where implicit semantics on
the tree edges are unified into explicit ‘IS-A’ relations, and the natu-
ral language labels of nodes are disambiguated with natural language
processing [12] into logical formulas. For instance, Figure 3 shows
parts of the lightweight ontologies built by Alice and the assignment
of ‘Update’ to user ‘David’ on the set of objects ‘MacBook’. In the
left lightweight ontology, David is classified as an instance of the
set ‘Friend3 u Business7 u Product1 u Apple3’ according to
his social position that he has a Business7 relation with Alice and
he works for Apple3 (the superscript depicts the 3rd sense in the
knowledge base, i.e., an IT company rather than a fruit). Symmetri-
cally, in the right ontology (of the goods on sale), there is a class of
objects ‘Sale2 uDigital3 u Laptop1 uMacBook1’ where Sale2

is a branch ofBusiness7,MacBook1 is a Laptop1 as a Product1

of Apple3. Apparently the two concepts are syntactically different,
but semantically overlapping.

Things become more complicated when new ontologies arrive,
e.g, if Alice likes to collaborate with some other eBusiness vendor
who has her own user community and product category ontologies
heterogeneously. The traditional way to solve the heterogeneity is to
merge the database and create new rules for the ‘new’ knowledge
base. Figure 1 shows part of Alice’s social ontology and Bob, an-
other eBusiness vendor has his own social ontology as Figure 2. The
collaboration of Alice and Bob might lead to integration of these so-
cial ‘resource’s, such as product supplier, transporter, customer, etc.
in addition to the integration of the physical resources such as goods.

So the motivation lies in at least two aspects:

• Semantic similarities disclose the latent relationships between
subjects and objects although they are syntactically different.
These latent relationships might suggest rules to be created for
these semantically relevant subjects and objects such as to permit
David to update the web categories about Apple products.

• Semantic similarities between ontologies of a type, such as be-
tween two subject ontologies or two object ontologies or even
permission ontologies, provide a way to reuse (i.e., propagate) the
permissions assigned by existing rules such as to reuse the rules
for ‘VIP’ users of Alice onto Bob’s ‘Senior’ customers.

3 Semantic Matching for Access Control
RelBAC provides automated reasoning about the knowledge base
such as consistency checking and query answering. Thus, member-
ship checking, security property enforcement are used at design time

to reason about hierarchy management, permission propagation, sep-
aration of duties, etc. and query answering can be used at run time
for access control decision. However, that is not enough as an access
control system for the larger and more complex eBusiness solutions
crucially needs help to manage access control rules such as addressed
in Section 2 by providing suggestions about candidate rules when the
user is not an expert in access control (as it is often the case with so-
cial networks), or to provide semantic heterogeneity resolution for
relatively large and complex ontologies or highly dynamic policies.

The fact that we handle subject, object and permission hierarchies
as lightweight ontologies allows us to deal with the problem of se-
mantic heterogeneity, namely with the fact that in general we will
have multiple subject and/or object and/or permission hierarchies
which express semantically related notions in many different forms.
We can find with Semantic Matching tools that there exists similarity
between the subject and object lightweight ontologies although they
are heterogeneous and built independently. This will help to gener-
ate candidate permissions to be submitted to the user for approval,
or generate semantically motivated constraints between subject and
object categories, and so on.

To detect these semantic relations between classifications we use
S-Match, a Semantic Matching tool described in [6]. The original
idea of Semantic Matching is to calculate the semantic similarity
such as equal, overlapping, etc. between the categories of the two
given classifications. The core of a S-Match procedure consists two
rounds of matching. The first round match is performed on the con-
cept at label which are logical formulas formed with word senses
such as the column names of Table 1. WordNet [9] is used as a knowl-
edge base in which possible relations between senses (meanings of
word) are provided. Semantic similarities are defined with sense re-
lations. Equal ≡: one concept is equal to another if there is at least
one sense of the first concept, which is a synonym of the second.
Overlapping u: one concept is overlapped with the other if there are
some senses in common. Mismatch⊥: two concepts are mismatched
if they have no sense in common. More general / specific w,v: One
concept is more general than the other iff there exists at least one
sense of the first concept that has a sense of the other as a hyponym
or as a meronym. These direct results from the knowledge base can
be regarded as a preparation for the second round of matching as they
discover the relations between senses of single nodes. Afterwards,
matching is performed on the concept at node which is a conjunction
of all the concepts at label of nodes from the root to current, e.g.,
DL formulas in Figure 4. The results of the second round match is
calculated by checking subsumption with a reasoner.

Let us see how to use these matching results in turn.

3.1 Suggestions for Rule Creation

For any access control systems, the stage of rules creation is very
important because a cute rule set will simplify later work as enforce-
ment and management. Semantic Matching between the subject and
the object ontologies will find out potential semantic relations be-
tween categories of the two ontologies. For example, given the back-
ground knowledge about the relations MacBook1 is a Laptop1 as
a Product1 of Apple3 etc., we can find the semantic similarities
as listed in Table 1. As WordNet does not ‘know’ the word such as
‘MacBook’, which is common under the enormous emergences of
new words in this Information Era, we should enrich the knowledge
base with the facts such as ‘Apple3 is a IT company selling digi-
tal products such as MacBook and IPod.’. This is a non-trivial task
and many domain experts together with volunteers like common web



Table 1. Semantic Matching on Labels

S-Match Friend3 Business7 Product1 Apple3 Lenovo1 Soccer1 u Fan2

Sale2 ⊥ v ⊥
Digital3

Laptop1 v
MacBook1 u ⊥
Thinkpad1 ⊥ u

users are contributing in this direction, at least to our own knowledge
bases.

From Table 1, we can see the semantic similarities such as
Sale2 v Business7, etc. These relations provide the following sug-
gestions to create new rules.

Semantically Related The cells marked with ‘v,w,≡,u’ repre-
sent the semantic similarity of the corresponding concepts. It is
meaningful to assign corresponding users some access to the ob-
jects. For example, the relation Sale2 v Business7 suggests
that some access, let us say Read, should be assigned to the
Business7 Friend3 to some Sale2 categories. It is obvious here
in the small toy user and object ontologies, but facing a large
eBusiness such as Amazon.com, these similarities will be very
useful for the administrators in creating new rules. We may also
place degrees on similarities. ‘≡’ weighs more than ‘v’ and ‘w’,
which in turn more than ‘u’. Therefore, it is more likely to assign
access between ‘≡’ related subjects and objects than the others.

Explicit Unrelated The cells marked with ‘⊥’ represent that the
corresponding concepts are found ‘unrelated’ in the knowledge
base. Here we shorten the axiom ‘C1uC2 v ⊥’ as ‘C1⊥C2’. We
have to differentiate the real world semantics of these ‘⊥’s.

• Sale2⊥Friend3 is a mismatch because they are referring to
object and subject, i.e. an activity and a person respectively.
This mismatch comes from the disjointness between person and
activity as different subjects but does not prevent that a person
can have some relation with an activity such as Friend3 may
have access to Sale2.

• MacBook1⊥Lenovo1 comes from that ‘MacBook is a prod-
uct of Apple company but not Lenovo.’ This kind of mismatch
suggests exactly no access should be assigned.

• Sale2⊥(Soccer1 u Fan2) covers both upper cases so it does
prevent the access assignment from Soccer1 Fan2 to Sale2.

The second case is a strict mismatch which means ‘irrelevant’ in
common sense. It is important to detect this kind of mismatches
because they can suggest for constraints such as separation of du-
ties that we will discuss when matching two subject ontologies in
the next subsection.

Implicit Unrelated The blank cells of the table mean that the
knowledge base doesn’t know any existing relation between the
corresponding concepts. In this case, no semantical similarities are
provided. From Table 1 we can see that this kind of cells are the
majority in this example, only because the knowledge base we use
is not designed for eBusiness domain. If it is specially enriched
with more background knowledge, we believe more semantic re-
lations can be found and more suggestions will be provided.

The interesting thing here is that the relation between Friend3

and Sale2 is mismatch. It is weird but true as Friend3 means ‘a
person with whom you are acquainted’ and Sale2 is ‘the general ac-
tivity of selling’. This is common when we match a subject ontology

with an object ontology. If we went on with the second round of S-
Match on the concepts at node which includes all the semantics from
the root to the current node, this mismatch between Friend3 and
Sale2 would propagate to all the results and Table 1 would be full of
‘⊥s’ simply because of the similarity of the two roots is mismatch.
We may get nothing from such a table, therefore in this phase, we
use only the first round of S-Match on concepts at label.

3.2 Automated Rule Reuse
One important evolution of subject and object ontologies is to in-
tegrate other similar ontologies. For example, an eBusiness vendor
will enlarge her social network to involve more customers and very
likely she would integrate the customer ontology of another vendor,
or symmetrically integrate the goods ontology. The traditional access
control solutions ask an administrator to create new rules for these
evolving parts. Even for the similar ontologies, all assignments have
to be made once again. For example, the vendor in the scenario of
Section 2 would like to merge another ontology of subjects as Bob’s
Social Ontology as Figure 2. In this case for instance, a customer set
called ‘Senior’ has the similar intuition to the ‘VIP’ set in previous
ontology.

The resulting semantic relations can be used along the lines of
what described in the previous sections either to drive the merging of
the two ontologies or to create mappings which allow for the prop-
agation of permissions from one ontology to the other. Thus for in-
stance the system administrator might enforce that the equivalence
mapping between the two root nodes in Figure 4 means that a Read
permission on the left root node propagates to the right root node.
These kinds of mappings are very similar to the C-OWL mappings
introduced in [1] and should be used whenever a full merge of the
two ontologies is not advisable or there are good reasons to keep the
two ontologies distinct.

We show in Figure 4 the results of S-Match on two branches of
the ‘friend’ lightweight ontologies generated from the hierarchies in
Figures 1 and 2. The semantic similarity axioms can be added to the
knowledge base of access control and the rule reuse is done without
further efforts. For example,

{(Friend3 u Commerce1) v (Friend3 uBusiness7),

Business7 v α} |= Friend3 u Commerce1 v α

With the help of these semantic similarities found by S-Match,
any subject-centric rules with permissions assigned to Business7

will also propagate to Friend3 u Commerce1 just as a reasoning
result without creating new rules for the new subject sets. Similar
reuse applies on objects as well when S-Match is used to find the
semantic similarities between object ontologies.

Even though indicating ‘explicit unrelated’, ‘⊥’ is an important
semantic similarity for rule reuse. Here we refer to the strict mis-
match discussed in Section 3.1. It means that the two nodes in
the two ontologies matched are semantically mutual exclusive, e.g.,
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Figure 4. Ontology Matching for Rule Reuse

HP 2⊥Lenovo1 between the two ontologies in Figures 1 and 2.
HP 2 and Lenovo1 represent the set of users belonging to differ-
ent IT companies, and it is rational to separate the duties from the
two sets, i.e. users from company HP 2 should not have the same
access as those from Lenovo1. When the two ontologies are both
considered as subject knowledge, the matching results suggest a new
policy as HP 2 u Lenovo1 v ⊥ which ensures that users cannot be
members of both sets.

4 Related Work
With the arrival of Web 2.0 and now coming even Web 3.0, access
control over the resources online throughout the evolving social net-
works demands more automated tools for administration.

Classic access control techniques, e.g., cryptography have been
proposed for community access control such as [2]. However, this
kind of access control systems focus on protection from security
threats rather than taking use of the rich information from the web.
The authentication procedure is done once for all which is not enough
for fine-grained access control.

Lockr [11] was proposed to fit the situation that the large num-
ber of content sharing systems and sites use different access control
methods un-reusable for each other. It separates social networking
information from the content sharing mechanisms, so that end users
do not have to maintain several site-specific copies of their social
networks. It also provides a way to use social relationships as an
important attribute, relationship type, to define access control rules.
However, Lockr still uses a public/private key communication and
does not consider the semantic similarities.

Another thread similar to our solution is Semantic Based Access
Control. Yague et al. discussed the Semantic Access Control model
in [3] with a XML based language SPL (Semantic Policy Language).
The model is based on the semantic properties of the resources,
clients (users), contexts and attribute certificates and relies on the rich
expressiveness of the attributes to create and validate access control
policies. It is flexible to define access control over attributes but faces
the complexity problem of the system. In contrast, our model covers
the expressiveness of attributes and takes use of the structure at the
same time so that the permission propagation will greatly reduce the
number of rules. Pan et al. present a novel middle-ware based system
[10] to use semantics in access control. It is based on RBAC model
[4] with a mediator to translate the access request between organiza-
tions by replacing roles and objects with matched roles and matched
objects. For interoperation, they use semantic mapping on roles in or-
der to find the similarity or separation of duties between roles in two
ontologies. This is similar to our approach, but we do much further
as the S-Match tools are not domain specific so that we can match a
subject ontology with an object ontology for new rule suggestions.

5 Conclusion
Based on the RelBAC formalization of the access control problem
in social networks, we can organize users, objects and permissions as
(lightweight) ontologies. This allows to represent access control rules
and policies as DL formulas and to reason about them using state of
the art off-the-shelf reasoners. However, when the knowledge base is
more and more complex, the rule management task explodes. Thus
it requires automated or semi-automated tools to help creating and
reusing rules. In this paper, we have shown how it is possible to use
Semantic Matching technology to discover and exploit the underly-
ing semantic relations between subject and object ontologies and be-
tween two user or object ontologies belonging to different policies.
The resulting automated reasoning capabilities can be exploited to
support the user or system administrator in the policy management,
an activity which is time expensive and error-prone.
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Evaluation of Ontology Mapping Representations

Hendrik Thomas1, Declan O’Sullivan1, Rob Brennan 1 

Abstract.  A common approach to mitigate the effects of ontol-
ogy heterogeneity is to discover and express the specific corre-
spondences between different ontologies. An open research 
question is: how should such ontology mappings be represented. 
In recent years several proposals for an ontology mapping repre-
sentation have been published, but till today no format is offi-
cially standardized or generally accepted in the community. In 
this paper we will present a new evaluation framework for on-
tology mapping representations for a pragmatic state of the art 
overview of their characteristics. In particular we are interested 
how current ontology mapping representations can support the 
management of ontology mappings (sharing, re-use, alteration) 
as well as how suitable they are for different mapping tasks.12 

1 INTRODUCTION 

Ontologies are an important component for the implementa-
tion of the semantic web vision [1,2]. The promise of ontologies 
is to enable the sharing of a common understanding of a domain 
of interest that can be flexibly communicated between users and 
applications [3,4]. However, the actual conceptualization of a 
domain and the succeeding explication in an ontology language 
is a very heterogeneous process [5, 6]. For example, on a syntac-
tical level a user can choose from a variety of ontology lan-
guages (e.g. RDF, OWL, Topic Maps, etc.) [5,7]. On a termino-
logical level one can encounter all forms of mismatches related 
to the process of naming of ontology entities (e.g. synonymy, 
homonyms, multilanguage) [8]. Furthermore conceptual hetero-
geneity of ontologies arises due to the natural human diversity 
involved in modeling a domain [9,10], e.g. two ontologies could 
differ because they cover different (even overlapping) portions 
of the domain, provide a more (or less) detailed description or 
simply could reflect different viewpoints of the same domain. 
Finally, on a pragmatic level, one can encounter discrepancies 
related to the fact that different individuals may interpret the 
same ontology in different ways in different contexts [5,11]. 
Overall these levels of heterogeneities are major obstacles to the 
promised interoperability of ontologies [8]. 

A common approach to mitigate the effect of heterogeneity is 
to discover the specific correspondences between the different 
ontologies and to document these correspondences using an 
appropriate mapping expression [12, 13, 14]. In particular ontol-
ogy mapping can be defined as the task of relating the vocabu-
lary of two ontologies sharing the domain in such a way that the 
structure of ontological signatures and their intended interpreta-
tions are respected [15]. Despite the increasing tool support in 
the last years (e.g. MAFRA [16] COMA++ [17], Ontology 
Alignment API [9]) ontology mapping is still a challenging, 
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complex and time-consuming process [9,12,15,18].  The differ-
ent related issues in ontology mapping have been widely ad-
dressed in literature [5,12, 19].  

One key aspect, which is still open to discussion, is the ques-
tion: how should ontology mappings be explicit represented 
[9,19]? In this paper we define an ontology mapping representa-
tion as an explicit specification of the correspondence between 
ontologies to improve their interoperability. In recent years sev-
eral proposals and recommendations for such an ontology map-
ping representation have been published, but till today no repre-
sentation specific format is officially standardized or even gen-
erally accepted in the semantic web community [12, 20]. Thus 
an ontology engineer, when confronted with the need to merge 
or align multiple ontologies, has a choice between multiple cur-
rently available ontology mapping representations, each with 
their individual strengths and weaknesses for a specific map-
ping task.  

Publications focusing on ontology mapping representations 
are relatively rare compared to the huge number focusing on 
other related questions, e.g. matching algorithms to identify 
mapping candidates (e.g. [21]). However, some previous studies 
on ontology mapping systems, in particular in [9,15,2,22,23], 
provide some insight. Most of these previous evaluations focus 
primarily on the technical capabilities of matching and mapping 
tools [20,24] and less on applicability of mappings representa-
tions for different mapping tasks [5, 18]. In addition, only sparse 
information has been published on the support of reusability and 
management of mappings, e.g. definitions of what meta-data 
types are supported.  Finally, the evaluation processes as well as 
the criteria sets used have been heterogeneous, which makes it 
difficult to identify trends and improvements over time. In sum-
mary, a detailed evaluation framework as well as a comprehen-
sive and up-to-date evaluation focusing on the capabilities of 
current ontology mapping representations is currently missing. 

In this paper we will present a new evaluation framework for 
ontology representations used for a systematic analysis of ontol-
ogy mapping formats that provides a state of the art overview of 
their characteristics. In particular we are interested how the on-
tology mapping representations can support the management of 
ontology mappings (sharing, re-use, alteration) as well as how 
suitable they are for different mapping tasks. The results of this 
evaluation will be of interest for understanding ontology map-
ping interoperability issues and also to support ontology engi-
neers in choosing the most suitable mapping representation for 
their application. 

2 EVALUATION FRAMEWORK 

In this section we outline our evaluation methodology, set 
high-level goals for ontology mapping representations and fi-
nally decompose each high-level goal into specific metrics that 
can be evaluated. 
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2.1 Methodology 
To be able to compare and evaluate ontology mapping repre-

sentations, first we need to define a set of evaluation criteria.  
Then these criteria can be consistently applied to any desired 
representations. To derive the criteria we will apply the Goal 
Question Metric (GQM) method, this is a tried and tested 
method for a structured and replicable evaluation of software 
products [25,26]. GQM provides a hierarchical structured proce-
dure starting with goals (object and the issue to be measured) for 
each relevant evaluation dimension [25]. Each goal is refined 
into several questions, to break down the issue to characterize 
the object of measurement. Each question is then refined into 
metrics (objective, subjective) in order to answer it in a quantita-
tive way. The result of the application of the GQM method is a 
replicable and detailed specification of a measurement system 
targeting a particular set of issues and a set of rules for the inter-
pretation of the measurement data [25].  

In the following sub-sections we describe an evaluation 
framework for ontology mapping representations derived using 
this method. 

2.2 Goals for Ontology Mapping Representations 
The first task in the development of an evaluation framework 

is the identification of a suitable set of goals for ontology map-
ping representations. Turning to the literature of ontology align-
ment and mapping it can be observed that instances of ontology 
mapping types can be quite heterogeneous, ranging from simple 
equivalences relations, mathematical conversions too complex 
structural mappings [12,27,28]. Therefore one of the most fun-
damental goals of ontology mapping representations is (G1) the 
ability to express a mapping relation. The second aspect we 
considered is that the construction of a specific ontology map-
ping can be complex and time-consuming. In fact, it could be 
more complex than the knowledge expressed in the ontologies 
itself [12,20]. Instead of creating the same or similar mappings 
repeatedly it is important to have a goal (G2) to enable sharing 
and reuse of existing mappings to reduce the effort involved in 
the creation of mappings [8]. Besides these aspects, an ontology 
mapping representation (G3) should be computationally efficient 
to process [8] in order to support the pragmatic concerns of im-
plementing ontology interoperability solutions.  

In the following subsections a set of questions is derived for 
each of our three goals that expose the different evaluation crite-
ria used to characterize ontology mapping representations. 

2.3 Goal 1: Ability to Express a Mapping Relation 
Ontology mapping representation applicability can be consid-

ered from the viewpoint of expressiveness in terms of which 
operators and functions are supported to express the relevant 
ontology elements in correspondence and their individual align-
ments [20].  

The first question in this context is therefore: (Q1) which 
kinds of ontology elements can be addressed so they can become 
the subjects of a mapping? This includes a single relevant ontol-
ogy entity, an individual ontology fragment (e.g. specified by a 
search query) as well as the ontology as a whole. To simplify the 
expression of correspondences between ontologies it is important 
to know (Q2) which predefined relation types are supported, e.g. 
equability, incompatibility [29]. The specific set of supported 
relation types and the number of predefined relation types are 
indicators of the applicability of the representation. Also relevant 

is the extendibility in terms of: is it possible to add new trans-
formations or relation types and still preserve the interpretability 
and processing ability of the representation in applications, e.g. 
by using an ontology language [12]. Specific knowledge, e.g. the 
date of birth of Tim Berners Lee, can be represented in quite 
different formats or conventions [10]. As a result, ontology map-
pings often have to deal with all kinds of conversions to enable 
interoperability [5,8]. It is therefore interesting to define (Q3) 
which functions are supported by the ontology mapping repre-
sentation to express conversion mappings? This includes func-
tions to manipulate numerical vales, text and dates.  

Probably the most complex task for an ontology engineer is 
the handling of conceptual heterogeneity, because there is al-
ways more than one valid way to model a domain of interest 
[8,18], e.g. an address can be represented a single property or as 
a list of instances. From an abstract point of view this means 
ontologies could differ because different ontology elements 
and/or relations are used to express the same meaning [10]. 
Therefore it is relevant to ask (Q4) what functions an ontology 
mapping representation supports to express how relevant knowl-
edge can be extracted and rearranged to make it interoperable 
(structural mapping). This involves adding or removing classes, 
instances, attributes (e.g. variant name in Topic Maps) and rela-
tions. It is also relevant if such a structural mapping is limited to 
a single representation language or not, e.g. can a mapping for-
mat express the mapping between RDF and Topic Maps which 
have different syntax and semantics [30, 31].RDF and Topic 
Maps which have a different syntax and semantics [30, 31].  

Tab. 1 gives an overview of all deducted criteria for this goal. 
 

Criteria Type Examples 
Question 1: Which kind of ontology elements can be addressed? 
Single ontology element yes|no OWL class, property 
Ontology fragment yes|no SPARQUL Query: SELECT 

?x WHERE { ?x <http:// 
vcard-rdf/3.0#FN>  "John" }  

Ontology as a whole yes|no http://kdeg.org/nembes.owl 
Question 2: Which relations types are predefined? 
Amount predefined types 0..X 3 
List of predefined types list equivalence, subsumption  
Extensibility  yes|no add a “neighbour” relation 
Question 3: Which function for conversion mappings are sup-
ported? 
Numerical function yes|no add, subtract, multiply 
String functions yes|no delete leading white spaces  
Date functions yes|no 2006/12/31 to 31/12/2006 
Question 4: Which function for structural mappings are sup-
ported?  
Add / remove classes yes|no remove class town 
Add / remove instances yes|no add instance Dubln 
Add remove relation yes|no add Dublin is-part-of Ireland 
Add remove attributes yes|no remove a variant name  
Language specific yes|no OWL specific mapping 
Table 1. Goal 1: Ability to Express a Mapping Relation 

2.4 Goal 2: Enable Sharing and Reuse of Existing 
Mappings 

To make a decision as to if and how a mapping can be reused 
or updated it is essential to understand how the mapping was 
created in the first place. An analysis of the life cycle of an indi-
vidual ontology mapping is helpful to identify relevant decisions 
and information sources used, e.g. which matching algorithms 
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have been used to identify the mapping candidates [16, 12,32]. 
Meta-data documenting this lifecycle is essential to facilitate 
sharing and reuse of mappings. An ontology mapping represen-
tation should provide suitable placeholders to store and make 
this kind of information retrievable in a structured and predict-
able way [33]. 

Previously we have defined a mapping lifecycle [12]. The first 
stage of the ontology mapping lifecycle is the characterization 
phase which needs to be documented in the mapping representa-
tion and thus forms our first question of this goal (Q1). In the 
characterization phase the ontologies are analyzed with respect 
to their amenability for mapping. This involves the initial dis-
covery of the ontologies; hence an ontology mapping representa-
tion needs to provide information to identify the ontologies 
which are the subject of the mapping like an identifier, path or an 
URL. However, ontologies may change over time and therefore 
additional ontology versioning information is useful to decide if 
a mapping is still appropriate [8,10]. Furthermore information on 
the format of the mapped ontologies are helpful to decide if an 
existing mapping is applicable in a different context, e.g. OWL 
DL or full [12]. Due to the syntactical heterogeneity many map-
ping tools require an initial transformation into an internal ca-
nonical format [17]. This has an impact on the supported ontol-
ogy syntax and a mapping representation should include infor-
mation on the canonical format used. Due to the terminological 
heterogeneity in this phase usually the content of the ontology is 
analyzed in order to characterize the nature of the terms used [8]. 
Descriptions of term construction rules or domain-specific 
thesauri/vocabularies used can influence the selection of an ap-
propriate matching algorithm and should therefore be docu-
mented in the mapping representation [34]. In general, poor 
quality ontologies or divergent modeling approaches can make 
mapping attempts quite difficult or even impossible [35]. As a 
result, measures (qualitative and quantitative) of the ontology 
and the modeling approach applied are useful to understand the 
decisions made in the mapping process [12,36]. Another vital 
part of this life cycle phase is the decision whether matching 
should be attempted between ontologies. This decision can be 
influenced by organizational policies which govern the expendi-
ture of resources [37]. If so, these policies should be documented 
because they are vital to understand future mappings.  

One of the most important tasks in this phase is the identifica-
tion of mapping candidates, either identified by manual selection 
or by an automated matching algorithm. If candidates have been 
manually selected, detailed information on this process (partici-
pants, time, context) as well as on the provenance of the data 
needs to be accessible. For example, if mappings are reused in a 
different organization, another role might be more appropriate 
for selection of mapping candidates [38]. Alternatively a wide 
range of matching algorithms can be applied, ranging from lexi-
cal to semantic model-based matching schemes [21]. The match-
ing algorithm has a major impact on mapping creation and there-
fore it is essential to document the name as well as the specific 
configuration of the matching algorithms used [9]. Different 
matcher algorithm might be suitable for mapping task and there-
fore any information related to the matcher selection process is 
helpful, e.g. type of the matcher (string, language, constraint, 
linguistic, reuse, graph, taxonomy, model or combination based 
[21].   

The second stage of the ontology mapping lifecycle (Q2) is 
the mapping phase which needs to be documented in the map-

ping representation [12]. The objective of this phase is genera-
tion of the information necessary for the execution of mappings 
as well as the creation of mappings that are relevant to the con-
text of usage. As in the previous phase, it is necessary to check 
possible mappings against organization policies which need to 
be documented [12,37].  

The determination of mappings by applications as well as hu-
mans from matching candidates is difficult and involves a certain 
level of uncertainty [8,17]. Suitable points of reference help to 
make the deduction process more predictable [12]. This includes 
pre-existing validated and trusted mappings or an explicit defini-
tion of the mapping context. Based on this information, a variety 
of strategies may be suitable for creating the mappings. For fu-
ture reuse it is therefore important to know which specific strat-
egy was applied [12]. It is also relevant to record any confidence 
value calculated or assigned to the mapping during the mapping 
or match generation processes. 

 
 

Criteria Type Examples 
Question 1: How is the characterization phase documented? 
Ontology identifiers yes|no string based matcher 
Version information yes|no ontology version 1.5.4. 
Ontology format(s) yes|no OWL lite, RDF(s) 
Canonical format yes|no XML schema used in 

OISIN framework [12] 
Terms used yes|no link to relevant thesauri  
Ontology measures yes|no count of classes  
Matching policies applied yes|no policy of organisation A 
Type of matching creation yes|no automated or manual  
Info on manual matching yes|no link to documentation 
identifier of the used 
matcher  

yes|no model based matcher 

Matcher configuration yes|no parameter 
Matcher type yes|no linguistic based matcher 
Question 2: How is the mapping phase documented? 
Matching policies applied yes|no policy of organisation A 
Used pre-validated map-
pings 

yes|no A;creator = B;author 

Mapping context yes|no specification of use-cases 
Confidence level yes|no 5 of 10 
Mapping strategy yes|no OISIN framework [12] 
Question 3: How is the management phase documented? 
Distribution system yes|no peer-to-peer network  
Version information yes|no map version 1.2.3 
Format information yes|no INRIA 1.0 
Conflict/consistency check  yes|no conflict mapA vs. mapB 
Author information yes|no Hendrik Thomas 
Date of creation yes|no 19.12.2008 17:00 
Authority for changes yes|no see http://onto.authority.ie 
Dependencies yes|no mapping A depends on B 
Change propagation 
method 

yes|no newsgroups announcement 

Question 4: How is the interpretation of the meta-data sup-
ported? 
URI to identify entities yes|no http://cs.tcd.ie/onto/fname 
Human-readable labels  yes|no first Name 
Documentation List source code, publications 
Documentation URI yes|no http://cs.tcd.ie/onto/docu 

Table 2. Goal 2: Enable Sharing & Reuse of Existing Mappings 
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The last phase of the mapping life-cycle (Q3) is the manage-
ment phase which needs to be documented in the mapping repre-
sentation. Any distributed system may be suitable for sharing 
mappings but the mapping representation should at least specify 
where to find the latest mapping sources as well as version in-
formation in order to keep track of mapping updates. Also any 
representation should explicitly specify its own format version, 
to support forward and backward compatibility. If mappings are 
used in a different contexts it is necessary to verify if they are 
consistent or in conflict with the existing mappings. A mapping 
representation could support this challenging task by providing a 
placeholder for relevant information, e.g. a suggested detection 
strategy. In addition existing mapping information can be altered 
or withdrawn, e.g. if they are erroneous [10,35]. A mapping 
representation should provide lifecycle information to support 
this, for example [12]: Who created the mapping and who has 
authorization to make changes. Which existing mappings are 
influenced by the proposed alteration? How will the change be 
propagated?  

Another important issue in this context is (Q4) how is the in-
terpretation of the meta-data supported by the mapping represen-
tation? Applications commonly use unique URIs for unambigu-
ous identification of entities [2]. However, humans depend on 
human-readable labels as well as sufficient documentation 
(source code, tutorials, publications) which explain how specific 
meta-data should be interpreted. Similar to the subject indictor 
resources of Topic Maps [34,39] it is also useful that the URI of 
the meta-data field should refer to such an explanatory document 
to make the representation more self-explanatory to a human. 
Table 2 gives an overview of all deducted criteria for the second 
goal. 

2.5 Goal 3: Computationally Efficient to Process 
A first aspect is the (Q1) compatibility of the representation. It 

is thereby relevant whether the representation is implementation 
independent or is limited to a specific application. Also relevant 
is the question how easily the representation can be manipulated, 
e.g. by using a common syntax like RDF. The second aspect 
(Q2) are tools to support creation, sharing [40], management and 
visualization of mapping results and representations. Table 3 
gives an overview of all deducted criteria for the third goal. 

 

Criteria Type Examples 
Question 1: How is the comparative is the representation? 
Implementation independent yes|no MAFRA format 
Syntax yes|no XML, RDF, OWL 
Question 1: What tool support is available? 
Creation & editing  tools List Ontology Alignment API 
Sharing tools List - 
Management tools List COMA++ 
Mapping visualization tools List MAFRA 

3 

 

Table 3. Goal G3: Computationally Efficient to Process 

2.6 Selection of Ontology Mapping Representations 
In addition to the previous defined criteria the evaluation 

framework must also contain a set of rules defining how a spe-
cific evaluation should be conducted. The key question is: which 
ontology mappings representations should be included in the 
evaluation? Currently there are several non-ontology based (e.g. 
Text, XML) and ontology based (e.g. RDF, OWL [2]) languages 
used to express mappings [8]. The problem is that there is no 

consistent usage of these languages or formats. In fact many 
mapping tools use the same languages to express mapping re-
sults (e.g. RDF is very common) but in different ways and as a 
consequence they support different functions and operators to 
express mappings [8,12]. From a pragmatic point of view it is 
therefore not enough to evaluate a representation language like 
OWL in isolation. It is more important to understand how ontol-
ogy mapping representations instances are supported by the in-
dividual ontology mapping tools.  

3 SUMMARY AND OUTLOOK 

In our evaluation we analyzed overall 13 different mapping 
and matching applications (see appendix for a complete list). 
The selection include historical relevant and established tools but 
also examples of leading up-to-date matching application [24]. 
For each of the 22 supported ontology mapping representation 
instances, 31 different evaluation parameters were determined. 
The evaluation was conducted in early 2009 by the authors in the 
Knowledge and Data Engineering Group, Trinity College (Dub-
lin). The complete evaluation results are available online at: 
https://www.cs.tcd.ie/~thomash/mapping_eva/home.php.  

The evaluation created a large amount of data and the upcom-
ing workshop is a perfect opportunity to discuss our results with 
researchers and industry partners in order to identify issues and 
to develop a better understanding of the advantages and limita-
tions of current mapping representations. Also we hope for feed-
back to optimize our current evaluation framework and sugges-
tions for other ontology mapping systems which need be include 
into our next evaluation.  

In conclusion, the previous remarkable efforts to support the 
creation of ontology mappings are just the first step. Further 
research is needed to develop a powerful mapping representation 
which is essential for the management, sharing and reuse of on-
tology mappings to even begin to support the flexible communi-
cation of a common understanding of a domain between users 
and applications a scale large enough to control the overall in-
formation glut [2]. 
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APPENDIX A OVERVIEW OF EVALUATED 
APPLICATIONS 

Application Link 
Alignment API  http://alignapi.gforge.inria.fr/ 
Anchor-PROMPT http://protege.stanford.edu/plugins/ 

prompt/prompt.html 
COMA++ http://dbs.uni-

leipzig.de/Research/coma.html 
Context Matching Algorithm 
(CtxMatch) 

http://dit.unitn.it/~zanobini/ 
downloads.html 

CROSI Mapping System 
(CMS) 

http://www.aktors.org/crosi/ 

Falcon-AO http://iws.seu.edu.cn/projects/matc
hing/projects.jsp 

Framework for Ontology Alig-
nment and Mapping (FOAM) 

http://www.aifb.uni-karlsruhe.de/ 
WBS/meh/foam/ 

Lily  http://ontomappinglab.googlepages
.com/lily.htm 

MAFRA http://mafra-toolkit.sourceforge.net 
MapOnto http://www.cs.toronto.edu/ 

semanticweb/maponto/ 
OntoBuilder http://iew3.technion.ac.il/ 

OntoBuilder 
Ontology Mapping Tool OMT)  http://www.wsmx.org/ 
Risk Minimization based On-
tology Mapping (RiMOM) 

http://keg.cs.tsinghua.edu.cn/projec
t/RiMOM/ 
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1 INTRODUCTION 

With the growing amount of semantic data published on the Web 

the problem of coreference resolution gains in importance. The 

linked data initiative provided guidelines for publishing RDF 

datasets and new datasets are constantly being made available. 

Such datasets often contain descriptions of the same real-world 

entities but use different URIs to refer to them. In order to utilize 

published data on a web scale it is essential to detect such 

situations and resolve coreferences. 

In the Semantic Web community initially research effort was 

primarily concentrated on schema-level ontology alignment and 

many tools have been developed [1]. With the growing amount 

of published data instance-level integration issues also started to 

receive attention recently [2], [4]. These systems abstract from 

schema-level issues and focus on finding coreferent instances 

assuming their type and structure to be the same. 

In our view there is still a gap concerning the study of the 

complete data integration workflow. On the one hand, schema 

alignment algorithms do not support the level of granularity 

necessary for data processing (e.g., applying different settings 

for individuals of different class). On the other hand, data-level 

integration tools assume schema-level issues to be resolved and 

do not consider implications of automated schema alignment. 

Our system KnoFuss was initially developed to perform 

integration of automatically extracted annotations structured 

according to a single common ontology. We extended it to 

operate in a multi-ontology environment and to utilise schema 

alignments produced by automatic ontology matching tools. 

Here we describe the resulting system workflow and first 

findings obtained during initial tests. 

2 EXTENDING KNOFUSS ARCHITECTURE 

FOR MULTI-ONTOLOGY COREFERENCE 

RESOLUTION  

KnoFuss architecture [6] implements a modular framework for 

semantic data fusion. The architecture focused on two main data 

fusion subtasks: coreference resolution (finding identical 

instances) and knowledge base updating (refining coreferencing 

results and resulting knowledge base taking into account 

ontological constraints and data conflicts). Algorithms 

performing fusion subtasks are represented as problem-solving 

methods [5]. Their capabilities (range of applicability and 

reliability of output) are formally defined using the fusion 

ontology.  

Obviously, the behaviour of each algorithm differs depending 

on the task to which it is applied: reliability of name matching 

using string similarity differs when individuals belong to a 

generic class foaf:Person or a specific class 

sweto:Computer_Science_Researcher, the same string metrics 

cannot be applied when comparing paper titles and person names 

because the order of words in the name can differ, etc. These 

differences are represented using application contexts: bridges 

between a specific domain and a method. For a coreference 

resolution method the context may define more precise 

reliability estimation, narrowed range of applicability and 

extended set of relevant properties.  

 
Figure 1. Fusion task decomposition in the KnoFuss architecture 

 

Our ongoing work focuses on extending the functionality of 

KnoFuss to operate on a larger scale in a multi-ontology 

environment. If the source and target knowledge bases are 

structured according to different ontologies two additional 

subtasks are added to bridge the gap: ontology matching 

(obtaining schema alignments) and instance transformation 

(resolving structural differences between instances in two 

knowledge bases).   

At the first step, schema-related statements are separated and 

available ontology matching algorithms are called to produce 

alignments (at the moment it is assumed that they produce their 

output in the standard AlignAPI format). The system utilizes two 

types of mappings: equivalence and disjointness. After candidate 

equivalence mappings are produced the system tries to generate 

additional disjointness relations:  

- by inferring them using disjointness in a single ontology 

and available equivalence mappings; 

- by querying background knowledge: the Scarlet service 

[7] is called to check whether disjointness between terms 

was defined in any other existing ontology on the Web. 

In case of a logical conflict (e.g., when two classes are 

considered disjoint but their subclasses are equivalent), the 

conflict is resolved based on the similarity measure of 

corresponding mappings: less reliable mappings are excluded. 

These automatically generated mappings are then used to 

perform instance transformation. In KnoFuss, applicability range 

and relevant attribute selection sets are defined as SPARQL 

queries in the terms of the target ontology. These queries are 

translated into the terms of the source ontology using available 

mappings. In the case when a term in the target ontology 

SPARQL 
query 

translation 

Knowledge  
fusion 

Ontology  
integration 

Knowledge  
base  

integration 

Ontology  
matching 

Instance 
transformati

on 

Coreference 
resolution 

Knowledge  
base 

updating 

Target 
KB 

AlignAPI - 
CIDER 

Source  
KB 

68

68

68



potentially corresponds to several terms in the source ontology 

their union is considered: e.g.,  

 

SELECT ?uri WHERE { 

 ?uri rdf:type sweto:Computer_Science_Researcher } 

is translated into  

SELECT ?uri WHERE {  

{?uri rdf:type tap:CMU_Person} 

UNION  

{?uri rdf:type tap:Computer_Scientist} 

UNION  

{?uri rdf:type tap:Medical_Scientist}} 

In this example there is a modelling style difference between 

two ontologies: individuals, which are classified as computer 

scientists in the SWETO ontology, are classified into several 

classes in TAP based on different criteria: place of work 

(CMU_Person) for some individuals and main research area 

(Computer_Scientist and Medical_Scientist) for others. Some 

authors of medical expert systems were assigned to the class 

Medical_Scientist. The ontology matching tool correctly 

identified these overlaps and produced three candidate mappings 

for the class sweto:Computer_Science_Researcher.  

These pairs of queries assumed to be equivalent are then used 

at the later stages of the workflow, which allows the system to 

operate in the same way as in a single ontology case.  

3 RESULTS AND DISCUSSION 

We implemented a prototype of the system employing the 

CIDER tool [3] and performed initial tests trying to find 

coreferent individuals in two testbed knowledge bases: TAP and 

SWETO (Table 1). We applied different string metrics over 

individuals of several classes. Also we ran tests applying the 

CIDER ontology matching tool to measure instance similarity to 

compare its performance to standard string similarity metrics.  

Some general initial findings are: 

- As could be expected, errors during the schema 

matching stage are propagated and can potentially 

lead to significant distortions during instance 

coreferencing. For instance (rows 5 and 6), incorrect 

alignment of tap:Country to sweto:Company led to 

30% precision drop (many companies have names 

derived from country names). 

-  Ontological constraints are extremely valuable in 

coreferencing task as a mean to repair such errors. 

Apart from the widely used owl:FunctionalProperty 

and owl:InverseFunctionalProperty, which allow 

non-ambiguous instance identification, negative 

evidence is also valuable for filtering out incorrect 

mappings. These constraints include disjointness and 

datatype properties with cardinality constraints. E.g., 

knowing that Company is disjoint with Country (or 

inferring that) would repair the problem in rows 5 and 

6. Most ontologies do not define these explicitly, 

however, having a high-level reference ontology 

accessible on the Web where these constraints are 

specified would be a significant source of 

information. 

- Label comparison cannot be considered sufficiently 

reliable evidence for coreference resolution. 

However, more complex algorithms utilizing context 

data (additional properties and links between 

individuals) can only be applied to datasets containing 

sufficiently overlapping data. It can be expected that 

many data integration tasks on the Web scale will 

only be able to rely on instance names and thus can 

only provide suggestions rather than generate 

owl:sameAs statements carrying strong implications. 

- Although semantic heterogeneity (different meaning 

attached to similar resources) is primarily a schema-

level knowledge modelling issue, it can cause 

problems on the instance level as well. For instance, 

the TAP ontology contains a single individual “Coca-

Cola” while SWETO contains several individuals 

describing Coca-Cola branches in different countries. 

Whether such instances should be considered 

equivalent depends on the context of the task. 

- Since errors are inevitable in automatic coreferencing, 

provenance information must be stored together with 

produced coreference mappings so that the user 

application can decide whether to rely on them or not. 

One possible way is to extend the coreference bundles 

approach [2] to include for each URI the confidence 

of its inclusion into the set. 

- It is hard to find a single matching algorithm to apply 

to all kinds of data: settings have to be optimised for a 

specific type of data rather than for a specific pair of 

ontologies as in schema matching. For instance, 

optimal thresholds for CIDER differed significantly 

depending on the class (rows 2, 7 and 11).  
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Table 1. Subset of initial test results for instance coreferencing (TAP vs SWETO)
 
 

 

N Class (SWETO)  Algorithm Precision Recall F1 Threshold 

1 Person L2 Jaro-Winkler 0.29 0.92 0.44 1.0 

2 Person (2000 subset) CIDER 0.37 0.95 0.53 0.05 

3 Computer Science Researcher L2 Jaro-Winkler 0.62 0.93 0.75 0.99 

4 Organization Monge-Elkan 0.42 0.95 0.58 0.93 

5 Company Monge-Elkan 0.41 0.95 0.57 0.92 

6 Company (manual schema alignment) Monge-Elkan 0.74 0.95 0.83 0.93 

7 Company (2000 subset) CIDER 0.93 0.64 0.76 0.14 

8 Company (2000 subset) Jaro-Winkler 0.79 0.74 0.77 0.92 

9 City Monge-Elkan 0.92 0.98 0.95 0.92 

10 City (2000 subset) Jaro-Winkler 0.80 0.99 0.89 0.92 

11 City (2000 subset) CIDER 0.91 0.61 0.73 0.28 
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