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Abstract. Ontologies comprise an explicit specification of a domain 

conceptualisation. However, their design, structure and elements may 

significantly vary, even for a specific concept, given their subjective nature, 

which highly depends on their purpose and the view from which they are 

developed. Especially in cases that the ontologies serve as a means for linking 

different data sources and enabling meaningful information exchange, a variety 

of mismatches needs to be handled. This paper presents a web-based ontology 

alignment tool which supports the whole alignment process with particular 

focus in complex mismatches. This tool facilitates ontologies alignment by 

suggesting possible correspondences which are automatically recalculated as 

the alignment process progresses. 
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1   Introduction 

The most widely used definition of an ontology in computer science was formed by 

Gruber in 1993, based on which it constitutes an explicit specification of a 

conceptualisation [1]. In fact, an ontology constitutes an agreement (possibly 

incomplete) about a conceptualisation [2], the design of which is driven by the 

purpose it serves as well as the background of experts developing it. Hence, 

ontologies published within a domain – even for the same topic and purpose – may 

differ in the structure and meaning of elements. 

The purpose of ontologies alignment is to alleviate the differences among 

semantically overlapping ontologies, by specifying correspondences among them. 

Bridging such a gap constitutes an especially challenging issue for the Semantic Web 

community, taking into account the variety of mismatches which may be encountered 

[4], while it can also trigger research in relevant fields such as query and results 

translation, data integration, ontology evolution, etc. 

In our previous work [3], we have presented a framework for accessing EHRs’ data 

located at different data sources through a common interface (Reference Model). A 

crucial step in this process is the mapping of the Reference Model with the one used 

within each Healthcare Entity for capturing patients’ data; a quite complicated process 



due to the differences expected, as a result of the EHRs independent development and 

the poor adaptation of standards by healthcare entities. For instance, the coding 

schemas used for capturing hematological examinations may differ. Also the model 

for the hematological examinations may represent the outcome differently among 

healthcare entities, for example as three independent properties in one entity (value, 

unit and range of normal values) and as two properties in another entity (value and its 

unit as one parameter and normal value range as the other one), with direct impact in 

the structure and meaning of the elements defined. Nevertheless, the fact that 

ontologies alignment takes place during the design enables domain experts to 

participate in the process and improve the quality of the mappings manually specified 

as well as those suggested through any automated process. 

Given the complexity and the variety of the mismatches across ontologies, the 

available tools dealing with their alignment provide only partial solutions, whereas, to 

our knowledge, there is no publicly available tool that can adequately handle such 

mismatches which involve more than one element from each ontology. In this work 

we present a web application that can be used for ontologies alignment purposes. The 

tool covers all process-driven requirements specified by Granitzer et al. [16] enabling 

the end users to simultaneously examine ontologies, handle suggested mapping rules, 

define new ones, and, finally, export them in a separate file of the desired format. 

The paper is structured as follows. In section 2 we present related work in the 

domain of ontologies alignment, while section 3 focuses on the parameters required 

when specifying a correspondence among entities. In section 4, we provide an 

overview of the web application which has been developed and a detailed description 

of the functionalities it provides. The evaluation of the proposed Ontologies 

Alignment Tool (OAT) follows in section 5, while section 6 summarises the work 

presented and new challenges to be covered in our future work. 

2   Related Work 

For specifying the correspondences among ontological elements, a variety of 

ontologies alignment tools exists, such as SAMBO, Falcon-AO, OPTIMA, COMA 

3.0 and AgreementMaker.  

SAMBO [13] is a system for aligning and merging biomedical ontologies. It 

provides an interface for interaction with domain experts, while it uses a variety of 

techniques for detecting similarity among elements including terminological and 

structural matchers, domain knowledge (UMLS [34]) as well as data obtained by life 

science literature. The 1:1 correspondences detected are filtered based on a threshold 

specified and presented to the end user for specifying the final alignments. Falcon-AO 

[14] is another ontology matching system, an important part of which is the automatic 

ontology matching component. It utilises two light-weight linguistic matchers, an 

iterative structural matcher for detecting 1:1 correspondences, while it has adopted the 

divide-and-conquer strategy for mapping large ontologies. The graphical user 

interface (GUI) allows users to set matching parameters and manage alignments 

detected. 



OPTIMA [30] is a general purpose tool for ontology alignment. The tool provides 

a user interface for visualisation and analysis of ontologies. It exploits the structural 

and lexical similarity between the schemas for detecting possible alignments, enabling 

users to save the detected alignments in XML. COMA 3.0 [32] is a schema and 

ontology matching tool. The user is able to load schemas or ontologies through its 

interface, while it uses linguistic and structural matchers for detecting equivalent 

correspondences among terms. The user can also participate in the alignment process 

and specify the strategy that should be used (i.e., concrete matchers) for producing 

more accurate results than the "default" ones. Moreover, users are able to manually 

specify complex correspondences such as when two elements should be combined 

and a data transformation should be applied. 

AgreementMaker [31] is another tool that can be used for mapping large 

ontologies. It is equipped with a graphical user interface through which the user is 

able to examine ontologies presented as a tree and the mappings produced from its 

matchers as well as to define their own mappings. During the alignment process, it 

allows the application of one or more matching techniques and the visualisation of 

their results.  

Overall, the existing mapping tools focus on discovering 1:1 alignments, while 

many of them either provide a simple interface for specifying 1:1 correspondences or 

are not equipped with a graphical user interface at all [15]. Hence, interaction with 

end users for supervising and/or contributing to correspondence detection is difficult. 

Especially when an n:m correspondence among entities needs to be specified, the 

majority, if not all, of the tools fail to efficiently handle such cases through an 

interactive, user friendly and supportive web interface. 

Another aspect that needs to be considered is the mapping language being used in 

the background for the formal expression of correspondences. In fact, the underlying 

mapping language may pose significant limitations to the ontologies alignment tool 

concerning both the suggestion of mapping rules as well as their manual specification. 

Hence, it should be expressive enough in order to precisely define correspondence 

among elements taking into account the various mismatches which may be 

encountered.  

Correspondence Patterns (CPs) [11] and Ontology Patterns (OPs) [12] provide a 

quite good approach for ontologies alignment. They satisfy a series of requirements 

[10], including expressiveness, support of conditional mappings, combination of the 

declaration and procedural part, while correspondences can be formally expressed 

through a mapping language such as Expressive Declarative Ontologies Alignment 

Language (EDOAL) [7]. EDOAL extends the Ontologies Alignment API [8], 

overcomes its limitations and provides a more flexible language to the end user for 

coping with the mismatches identified [9] that cannot be dealt with, for example, 

using OWL constructors [5] and Context OWL [6]. Apart from CPs/OPs, the use of 

query-driven methodologies for ontologies alignment purposes has been also 

presented in literature [29]. The latter enable users to specify 1:1 correspondences as 

well as more complicated ones using Global-As-View (GAV) and Local as view 

(LAV) approaches or a combination of them (GLAV) [18]. 

Concerning the process being followed for detecting candidate mapping rules, a 

variety of algorithms and techniques exists, as mentioned above. More precisely, for 

detecting the similarity among entities we can use both string based (e.g., edit 



distance) and language based techniques (e.g., stemming), take into account the 

ontology structure (e.g., properties of each class) as well as the axioms specified (e.g., 

classes hierarchies, properties cardinality restrictions), possibly use external 

knowledge (e.g., a dictionary with terms synonyms) or even unstructured data 

available in literature [16]. In the majority of ontologies alignment tools the 

aforementioned techniques or a combination of them is being used for detecting 

similarity among entities. However, an interesting issue is how we can use such 

techniques for producing more complicated correspondences.  

3   Mapping Rules 

Ontologies alignment involves the specification of one or more mapping rules (aka 

correspondences or alignments). A mapping rule intends to precisely determine the 

correspondence among ontological elements so that we can “move”, for instance, 

from one ontology to the other one, ideally without information change or loss. The 

mapping rules specified, especially the complex ones which involve more than one 

element from each side, are closely related with the purpose they serve. This is 

perfectly rational taking into account that the outcome of the ontologies alignment 

process (being expressed in a mapping file) is not the ultimate goal, but it constitutes 

an intermediate, still necessary, step for supporting relevant tasks such as query and 

results translation.  

When specifying a mapping rule, a series of parameters need to be determined, 

including the participating entities along with the relation among them. Concerning 

the formal description of the entities presented in each side of a mapping rule, we 

have been based on Ontology Patterns. An Ontology Pattern (OP) precisely 

determines an entity of a mapping rule and it may refer to an existing element (e.g., an 

existing class), a “new” one implied by the restriction of meaning and/or usage of an 

existing element (e.g., restricting the domain of a property within a specific class) or 

generally any combination of ontological elements (e.g., union of classes). In Table 1 

we present the available OPs for specifying a Relation. We prompt readers to have a 

look at the OAT site [28] for an extended list of available OPs.  

Table 1. Available Ontological Patterns for specifying a Relation based on existing elements 

Ontological Pattern Abbrev. Description 

Simple Relation Pattern SR-P An existing Relations (Object Property) 

described by a URI. 

Inverse Relation Pattern IR-P The inverse relation implied by the Relation 

specified. 

Relation Domain Restriction 

Pattern 

RDR-P A Relation which can be used with those 

instances that belong to a specific Class. 

Relation Range Restriction 

Pattern 

RRR-P A Relation which can point to those instances 

that belong to a specific Class. 

Relation Path Pattern RP-P A Relation implied by the path formed by two 

or more Properties 



It should be noted that the OPs are defined in such a way and have innate nested 

capabilities so that they can be combined to formulate more complex ones (see Fig. 

5), increasing the mapping capabilities of the language offered to the end users for 

ontologies alignment. For instance, the Properties Collection Pattern (PCP) allows 

"grouping" of properties of the same class, the values of which are strongly 

interdependent. An example is the hematological examination result, which is being 

defined by a value followed by a unit or a units’ expression. However, both value and 

unit can be captured by an Object or Datatype Properties (also see Fig. 4) depending 

on the modelling decision made during the design of the ontology. The nested 

capabilities of OPs allow for the detailed specification of the patterns' elements (in 

this case, the value and unit properties in the PCP). 

When mapping properties, it may also be necessary to apply some changes to their 

values, when, for example, the mapping rules are being used for translating data from 

one ontology to the other one. For instance, in both ontologies we may find a property 

used for capturing the monthly income of a person, which may also have the same 

type/range (e.g. integer, float). However, their values may be expressed in a different 

currency (e.g. Euro in one ontology and Dollar or Pound in the other one). In such 

cases, in order to precisely determine the relation among them so that we can answer 

not only questions about whether a person has a monthly income or not, but also 

whether, for example, this is above a specific value, we should also determine a data-

transformation that should take place in the properties’ values when mappings are 

used to support relevant tasks. Except from the “direct” transformation, we may also 

need to specify the “inverse” one, but this is closely related with the direction for 

which a mapping rule is valid. 

In Table 2, we have summarised the parameters which should be specified when 

determining the correspondence among the entities of two ontologies along with a 

brief description for each one of them and their labelling as mandatory or optional. 

Table 2. The (M)andatory and (O)ptional parameters of a Mapping Rule  

Parameter M/O Description 

Entity 1 and 2 

 

M Specifies the elements participating in the left and right side 

of a mapping rule.  

Transformation O Specifies the transformation that should take place in the 

value(s) of properties defined 

Relation M Specifies the relation of Entity 1 towards Entity 2 

(e.g., equivalent terms) 

Direction O Specifies the direction for which the correspondence is valid. 

(e.g., from ontology 1 to ontology 2) 

Origin O Indicates the way the mapping rule has been produced  

(e.g., manually specified by the end user through OAT)  

Confidence Value O Indicates how confident the OAT was for the suggested 

mapping rule, when accepted by the end user 

Comments O Provides a human readable description of the mapping rule 

specified  



4   The Ontologies Alignment Tool 

The Ontologies Alignment Tool (OAT) [28] aims at facilitating the user in the 

specification of the mapping between two ontologies. Hence, its main functionalities 

include: i. Loading of the two ontologies on the left and right panels of its screen 

(being specified either through the provision of their URLs or the uploading of their 

Files) and navigation through their elements, ii. Manual specification of the mapping 

among their terms, iii. Management (acceptance, rejection, adjustment) of 

automatically generated mapping suggestions and iv. Exporting of the 

correspondences for further use. 

The OAT consists of a web interface (Fig. 1) which in the background utilises the 

services provided by the Requests Handler component deployed on the server side. 

The latter exploits the Ontologies Handler and the Mappings Handler Components. 

The Ontologies Handler is used for uploading source and target ontologies (returns 

Ontology IDs), retrieving ontological elements specified (based on Ontology ID) as 

well as their definition (based on Ontology ID and Element URI) and finding 

candidate mapping rules according to the definition of entities in each ontology. The 

Mappings Handler component is responsible for importing or exporting/saving the 

mapping rules specified in the appropriate format. During the correspondence 

detection process the Mappings Handler is being used in conjunction with the 

Ontologies Handler for finding for finding instances that have been already specified. 

 

Fig. 1. Ontologies Alignment Tool after loading G-EHR-O and ΗΕ1-EHR-O.  

In the Fig. 1, a snapshot from the web application after loading two - source and 

target - ontologies is presented. In this example, the Global EHR ontology (G-EHR-

O) on the left represents healthcare patient data of interest to clinical research, while 

the Healthcare Entity 1 EHR ontology (HE1-EHR-O) on the right provides an 

ontological representation of the underline schema used for capturing patients’ data 

within Healthcare Entity 1 (being a clinic, a hospital department, etc ).  



4.1   Exploring Ontologies 

In the left and right panels of the screen the ontological elements are presented in a 

tree-based view (like popular ontology editing tools with a broad user community, 

such as Protégé [24]) based on the axioms specified. In the middle panel (first tab), 

the user can further examine the entities selected, such as provided comments or any 

other available information (e.g. the Range of properties). In the latter case, the 

information about entities is presented in a pop-up window – Fig. 1a.  

The information provided for each entity is not limited to what has been directly 

specified within the ontology, but it also includes inferred data. For instance, in case 

that the element being selected is an OWL class, we provide both “in-coming” (those 

relations that can possibly refer to an instance of this class) and “out-going” (those 

relations or attributes that can be applied to an instance of this class) properties. This 

information is very useful for better understanding ontologies and detecting possible 

alignments. For example, as we can see in Fig. 1b, there is a property (associated 

examination data) that “points” to Examinations (hence Hematological Examination) 

performed by a person. Moreover, in the definition of Hematological Examination 

Data class in HE1 (Fig. 1c) any instance of such a class has a property that indicates 

that such data belongs to a Patient. In other words, by simultaneously examining 

ontologies through our tool we can see that the aforementioned properties are related.  

4.2   Manage Suggested Mapping Rules 

In the second tab of the middle panel, the user can handle candidate mapping rules 

which have been automatically detected based on the definition (labels, axioms, etc.) 

of corresponding elements.  

 

Fig. 2. Suggested mapping rules when both G-EHR-O and HE1-EHR-O loaded  

In Fig. 2 the candidate mapping rules after loading G-EHR-O and HE1-EHR-O are 

presented. The candidate mapping rules are sorted based on their confidence value 

(i.e., a value between 0 and 1 indicating the OAT certainty for the suggested 

correspondence) while an explanation for each one is also provided (Fig. 2a). The 

user can easily examine the definition (appearing in a pop-up window) of entities 



participating at each side and accept or reject each mapping rule using the buttons 

presented at their right side, or massively, based on their confidence value. 

When producing candidate mapping rules, the tool takes into account not only 

information specified in the ontologies but also the user-defined mapping rules along 

with the suggested ones which were rejected. In Fig. 3 we can see the candidate 

mapping rules proposed by the system when we have already defined two mapping 

rules: i. hematological examination classes are equivalent (by accepting the suggested 

mapping rule) and ii. person is a broader term/class than patient (manually specified 

by the end user – Section 4.3). As we can easily notice, the confidence value of the 

mapping rule between Person and Patient Unique ID properties (already suggested but 

not accepted yet) is being increased from 0.6296 (Fig. 2) to 0.8624 (Fig. 3a) since we 

have already defined the correspondence among their domain classes. We should also 

notice that the tool correctly detects not only 1:1 correspondence but also more 

complicated ones such as the correspondence among properties used to “link” 

person/patient with its examination data (Fig. 3b). More precisely, when the two 

aforementioned mapping rules have been specified, the tool identifies that the 

property which is used to link a person with their examination, on condition that it 

refers to a hematological examination, is equivalent with the inverse one used on the 

other side to link hematological examination data with the patient they belong to.  

 

Fig. 3. Suggested mapping rules when we have already defined the correspondence among 

hematological examination and person/patient classes.  

4.2.1 The underlying mechanisms 

The correspondence detection algorithm (used in the background for detecting 

candidate mapping rules) is based on the similarity among OPs rather than similarity 

of the elements defined. More precisely, for each one of the two ontologies, any 

possible OP based on their elements is produced and, accordingly, the similarity 

among them is measured. For example, for each Object Property an instance of SR-P, 

an instance of IR-P, any possible instance of RDR-P and RRR-P and finally any 

possible instance of RP-P (also see Table 1) is produced taking into account the 

domain and range of properties (if specified) along with the classification of terms. 

Accordingly, the similarity among ontological patterns from the two ontologies is 

measured taking into account the specific type of OPs being examined. In particular, 

the similarity among relations is calculated using the expression (1) with parameter k 



(part of system configuration) being greater than one. It should be noted that the three 

key features of each relation (Domain/Range Classes and Relation Label) depend on 

the specific Relation OP presented. For instance, in case of RDR-P the “domain” class 

being used when calculating expression (1) is the restricted one rather than the initial 

one specified in the definition of property. 

( Domain-Class-Sim + k * Property-Label-Sim + Range-Class-Sim ) / ( 2 + k ) (1) 

The candidate mapping rules consists of those OPs for which the similarity 

(expressed through the confidence value) calculated is above a predefined, yet 

customisable, threshold. Given that this threshold is expected to vary depending on 

the ontologies being aligned as well as their domain, it has been set as part of tool 

configuration. It should be noted that in case that more than one mapping options are 

available for an existing ontological element (or group of them) as a result of different 

OPs produced for each one, we select those ones with the highest confidence value.  

A key characteristic of the algorithm is the fact that we take into account any 

mapping rule specified or even those rejected. For example, in case two classes are 

equivalent, their similarity is 1 whereas in the opposite scenario where their mapping 

has been rejected, their similarity is set to 0. Consequently, the confidence value 

among relevant relations or properties is being improved, when corresponding domain 

and/or range classes are mapped (either manually or by accepting a suggested 

mapping rule).  

The similarity among Labels has a distinctive role in the above process and it is 

being calculated using a variety of techniques. Initially, we retrieve the “main” token 

from each Label ignoring punctuation characters and stop words [19] which do not 

actually add meaning in the phrases. Accordingly, we produce a matrix with 

similarity among tokens. The latter is based on the Porter stemming algorithm [21] for 

retrieving their stems (hence, cope with words’ variations) as well as a combination of 

Levenshtein Distance [20] and N-3-Gram [23] for the similarity of the remaining 

sequence of characters. Finally, we use the Hungarian Algorithm [22] for finding the 

best “matching” among tokens so that we maximise overall similarity, while ignoring 

the order of tokens presented (Fig. 2).  

4.3   User Defined Mapping Rules  

In order to allow for the proper and complete alignment of ontologies, the 

inference of which might be quite difficult or may require data which are not 

available to the tool for automatic suggestion, the OAT allows the user to also 

introduce their own mapping rules. For example, the correspondence between the two 

classes Person (from G-EHR-O) and Patients Clinical Characteristics (from HE1-

EHR-O) has not been detected, despite the fact both are being used for the same 

purpose (capture basic patients data, such as ID, and demographics). For this purpose, 

we will manually define such 1:1 correspondence using buttons presented in the first 

tab (Fig. 1d).  

Also, if we carefully examine the definition of Hematological Examination class in 

G-EHR-O along with the corresponding one in HE1-EHR-O we will notice that they 

are quite similar; they both capture examination code, date performed and its 



outcome. However, the definition of corresponding elements especially for 

examination code and its outcome differ a lot. First of all, in the G-EHR-O LOINC 

[33] terms are being used for hematological examinations whereas in the HE1-EHR-O 

“locally” defined terms/codes. So, when moving from one side to the other one, we 

should find the corresponding code(s) used in HE1 for the hematological 

examination(s) specified. Also, the outcome in the G-EHR-O is an “Amount” – Fig. 

1a – which in turn has a value and a unit of measurement, whereas in the HE1-EHR-O 

ontology the same information is being captured by only one property (Examination 

Results) the value of which is a “float” number. In the HE1, the units of measurement 

is predefined for each examination and stored in a separate XML File, as mentioned 

in the comments existing in the data source (also included in the ontology). 

Consequently, the units of measurements specified for an examination outcome based 

on the terms of G-EHR-O may be different than the ones used in HE1.  

In Fig. 4 the correspondence among the aforementioned ontological elements is 

being presented as well as the OPs that we should use/instantiate for specifying such a 

correspondence. It should be noted that the complex mismatch presented in this 

example stems from the fact that while the G-EHR-O provides a conceptualisation of 

a domain (i.e., patient data for study recruitment purposes), the HE1-EHR-O is quite 

close to the structure being used for recording such data. Also, in the G-EHR-O 

international classification systems are being used, whereas in the HE1 “local” 

terms/codes.  

 

Fig. 4. Mapping among elements used in G-EHR-O and HE1-EHR-O for a hematological 

examination specified as well as its outcome.  

For specifying the correspondence among aforementioned entities, we should 

use/instantiate a variety of OPs (Fig. 4). For this purpose, the OAT provides an 

interactive interface in the third tab that can be used for instantiating and combining 



the appropriate OPs as well as determining all parameters of a mapping rule (Fig 5). 

Initially, in both entities, we should use the Properties Collection Pattern (PCP) and, 

accordingly, determine the properties referring to the examination and its outcome 

(i.e., value and unit). For specifying the aforementioned parameters, especially in the 

first entity, we use the Properties Path Pattern (PPP) – a property composed by one or 

more relations followed by a property – and accordingly, we specify the internal OPs. 

The OAT facilitates the instantiation of OPs along with the specification of 

corresponding elements for both entities 1 and 2, while offering auto-complete as well 

as copy/paste functionality. 

 

Fig. 5. The GUI for manually specifying a Mapping Rule, especially a complicated one. The 

pop-up window (a) appears when specifying an entity whereas (b) for the internal OPs. 

In the aforementioned example, a “direct” data transformation is necessary when 

translating data or queries from G-EHR-O to HE-1-EHR-O, which will be responsible 

to find the corresponding hematological examination code(s) in HE1 as well as make 

the necessary changes in the value(s) provided taking into account the units of 

measurement specified and the ones (based on hematological examination) by which 

examination outcome values are expressed in the HE1. 

4.4   Examine and Export Mapping Rules  

In the last tab of the middle screen the correspondences which have already been 

specified are presented. In this screen, the user can further examine the elements 

aligned (with their definition being presented in a pop-up window) and delete a 

mapping rule in case they detect an error. Furthermore, the user can export the 

correspondences specified in the following formats: i. JSON, ii. XML–EDOAL, iii. 

HTML and iv. OWL. The latter enable users to merge the mapping rules specified 

with ontologies and in combination with an OWL reasoner can be used for detecting 

inconsistencies.  



Through this tab, the user can also reload existing mapping files and update them. 

It should be noted that this functionality is offered provided that the mapping file is in 

JSON format. The reason is that, unlike HTML, a JSON file is well structured. 

Moreover, it contains all parameters specified for each mapping rule, whereas the 

EDOAL XML format involves some information loss (e.g., the human readable 

description of mapping rule specified is stored using XML comments and hence its 

retrieval is hard). However, we are planning to also support loading mapping rules 

from EDOAL XML and OWL Files (ignoring some data such as comments) in the 

next versions of OAT. 

5   Evaluation and Discussion 

The evaluation of a GUI-equipped mapping tool differs from the respective process 

followed regarding ontologies alignment algorithms with automatic detection of 

candidate correspondences, which are typically based on precision and recall or a 

combination of them (f-measure). For this reason, a framework has been proposed by 

Paulheim et al. [17] taking into account the quality of the mappings produced along 

with human interventions required. However, the whole approach is based on the cost 

of the users’ actions which is difficult to be accurately measured. 

5.1   Automatically Detected Mapping Rules and User Interventions Required   

For evaluation purposes, five biomedical domain experts used the OAT for 

specifying mappings between twenty biomedical ontologies including reference 

models, such as the G-EHR-O presented, and ontologies produced in a semi-

automatic way based on the schema of relational databases, such as the HE1-EHR-O. 

The outcome of this process showed that more than half of the total mapping rules 

specified in each case have been correctly detected by the tool. It should be noted that 

among these correspondences, there were not only 1:1 but also more complex ones, 

such as the one presented in section 4.3, which popular mapping tools such as 

SAMBO, Falcon-AO and Optima could not detect. Nevertheless, as the main focus of 

this paper lies in the overall Ontology Alignment tool, a thorough presentation and 

evaluation of the automatic correspondence detection process will be part of our 

future work. 

Another important parameter is the human effort required for detecting and 

specifying mapping rules. As presented in section 4.3, the user can determine the 

correspondences while examining the definition (e.g., description and axioms 

specified) of corresponding elements (Fig. 1d). Based on the domain experts’ 

feedback, they were presented with enough and clear information allowing them to 

easily detect and express 1:1 - but most importantly n:m correspondences. In fact, the 

interactive interface of OAT allowed the end users to efficiently instantiate the 

appropriate OPs within each entity, as well as to combine them for expressing more 

complicated correspondences (Fig. 5). Moreover, the users could easily specify the 

corresponding ontological elements within each entity through the auto-complete and 

copy-paste functionalities offered. However, providing an estimation about the “cost” 



of the users’ interventions, especially for the complicated mapping rules, is rather 

complicated and is considered to be out of scope for this work. An option would be to 

measure the average number of entities examined before forming a mapping rule or 

the total time needed for specifying each one, although this strongly depends on the 

user’s level of familiarity with the tool, the complexity of the mapping rule and the 

available information for the ontology elements, among others.  

5.2   User Driven Requirements Covered   

The Ontologies Alignment Tool (OAT) has been primarily designed so that it can 

be used by domain experts rather than software agents. For evaluating the extent to 

which the tool covers our needs, as well as, its user satisfaction and friendliness, we 

have asked from five domain experts to use it for mapping two ontologies of their 

interest and, accordingly, answer to which extent (from 0 to 10) each one of ten 

Nielsen Heuristics [25][26] covered, along with justifying their answers. All users 

agreed on the fact that OAT adequately covers their needs, especially when dealing 

with n:m correspondences. Also, the end users reported that they were able to 

precisely define every mapping rule required, including complex ones, which they 

could not specify with any other mapping tool available. 

In order to verify that all desired functionalities are provided by OAT we have also 

compared them against the User Driven Requirements specified by Granitzer et al. 

[16] for a semi-automatic ontologies alignment tool. The evaluation showed that the 

majority of these requirements are already covered in OAT, whereas we should also 

provide an overview of suggested correspondences (a need already mentioned by the 

end users). More precisely, classification of both suggested and manually specified 

mapping rules based on their features (e.g. type of elements involved) is necessary, 

especially when mapping large ontologies with thousands of terms. Also a 

visualisation of the specified mapping rules can facilitate end users to better 

understand the proposed correspondences (especially complex ones) and more easily 

detect the ones missing. 

Another interesting requirement not currently covered is collaborative ontologies 

alignment. This functionality is considered useful especially in cases that the size of 

the ontologies is rather large and, hence, the mapping process requires collaborative 

effort by several experts. However, this functionality is considered to be of lower 

priority, compared to the other ones, and, hence, is to be included in future releases of 

the tool. 

6   Conclusion and Next Steps 

In this paper, we have presented a flexible web application for specifying complex 

correspondences among the terms of ontologies. The tool presented also suggests 

possible correspondences for accelerating the ontologies alignment process, while the 

user can easily manage them or define new ones.  Moreover, the specified mappings 

are presented in a user friendly manner, while they can be easily exported in a variety 

of desired formats. The evaluation of the tool indicated that it can adequately cover 



the ontologies alignment process, by equipping users with the ability to be 

automatically presented with or to detect and express by themselves both simple and 

complex correspondences. Still, there are open issues to be considered in our future 

work.  

Another important part of ontologies alignment is how we can use correspondences 

specified for supporting relevant tasks, such as query and results rewriting. In our 

paper [3] we have already presented an algorithm for SPARQL query rewriting, based 

on CPs specified within an EDOAL XML mapping file. The introduction of a more 

flexible mapping language based on OPs (described in section 3) requires much more 

complicated query and results rewriting mechanisms, which will be part of our future 

work and which will be responsible to dynamically detect the complexity of the 

mapping rule and make the necessary interventions in the SPARQL query provided as 

well as the results retrieved from the data source.  
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