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Abstract. Ontology matching plays an important role in the integration of 

heterogeneous data sources that are described by ontologies. In order to find 

correspondences between entities of different ontologies, a matching system has 

to be built. CroMatcher is an ontology matching system that consists of several 

string and structural basic matchers. As individual basic matcher computes 

similarity between entities using information obtained from one or more 

components of the entire ontology, all individual matching results need to be 

aggregated in order to achieve the better final matching results of compared 

ontologies. The CroMatcher system uses weighted aggregation method that 

automatically determines the weighting factors of each basic matchers 

considering quality of its matching result. Also, the system uses iterative final 

alignment method that selects appropriate correspondences between entities of 

compared ontologies from the aggregated matching results. This is the third time 

CroMatcher has been involved in the OAEI campaign. The system is upgraded 

by introducing two new basic matchers that improved the matching results at this 

OAEI campaign. CroMatcher achieved excellent matching results for the three 

ontology matching tracks in which it participated. 

1. Presentation of the system 

1.1. State, purpose, general statement 

Ontology matching is the process of finding semantic relationships or correspondences 

between entities of different ontologies [1]. A matching system has to be built in order 

to determine correspondences between entities. CroMatcher is an ontology matching 

system in which the matching process is carried out automatically. It supports the 

matching between ontologies expressed in Web Ontology Language (OWL) [2] that is 

recommended by W3C (World Wide Web Consortium) [3] as an international standard 

for ontology representation. There are several string and structural basic matcher in 

CroMatcher system. Each basic matcher determines similarity between entities using 



information obtained from one or more components of the compared ontologies, 

therefore matching results obtained by all basic matchers need to be aggregated in order 

to achieve the better final matching results. The string basic matchers, as well as the 

structural basic matchers, are related by parallel composition of basic matchers. First, 

the string basic matchers are executed. The results obtained by string basic matchers 

are automatically aggregated using our weighted aggregation method. These 

aggregated results are then used in the execution of the structural matchers as initial 

values of correspondences between entities. Again, the results obtained by structural 

basic matchers are aggregated using the weighted aggregation. Before the final 

alignment, the aggregated results of the string matchers and the aggregated results of 

the structural matchers are aggregated using the weighted aggregation. Eventually, the 

iterative final alignment method is executed in order to select appropriate 

correspondences between entities of compared ontologies from the aggregated 

matching results. The CroMatcher system that participated at OAEI 2016 is the third 

version of the system. Unlike the first two versions of the system [4, 5, 6] that have the 

identical architecture of matching process, a two new basic matchers are implemented 

into the newest version of the system. These matchers improved the matching results 

for the three ontology matching tracks in which CroMatcher participated in the OAEI 

campaign. CroMatcher is fully prepared for the Benchmark [7], Anatomy [8] and 

Conference [9] ontology tracks and produces excellent results for these tracks. 

1.2.  Specific techniques used 

In this section, the architecture of CroMatcher system as well as the main components 

will be briefly presented. As already mentioned, this version of CroMatcher (OAEI 

campaign 2016) has two more string basic matchers implemented than last version 

presented in [6]. Like last year, some basic matchers are modified to speed up the 

matching process for Anatomy ontology matching track that contains a large number of 

entities. The system activates the lite version of these basic matchers if the compared 

ontologies contain more than thousand entities. The workflow and the main 

components of the system can be seen in the Figure 1. The CroMatcher consists of the 

following components: 

1. Ontology data processing - Initial step of an ontology matching process is the 

extraction of information about entities within compared ontologies. After the 

extraction of data, the matching process starts to determine correspondences 

between entities of compared ontologies. 

2. String basic matchers – determine correspondences between entities considering 

the character arrays (strings) that describe compared entities. 

 Annotation matcher – determines the correspondence between entities by 

comparing the strings obtained from entities’ IDs and annotations using n-gram 

similarity [1]. 

 Profile matcher - determines the correspondence between entities by comparing 

the textual profiles of two entities. The methods TF/IDF [10] and cosine 

similarity [11] are used to calculate similarity between these textual profiles.  
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Figure 1. Workflow and the main components of CroMatcher 

The textual profile is a large text that describes an entity. A content of textual 

profile is precisely defined in [6]. Considering the size of textual profile, the 

matching process is slow because the TF/IDF method has to retrieve the text of 

all entities before starting comparing two entities. When a target ontology 

contains more than 1000 entities, a modified Profile matcher is activated. This 

matcher determines correspondences using the fast string metric described in 

[12]. The results of this modified Profile matcher are a bit worse than results of 



the Profile matcher that uses TF/IDF method but it is acceptable considering the 

faster matching process. 

 Instance matcher – determines the correspondence between instances of 

compared entities by using the methods TF/IDF and cosine similarity. 

 Additional instance matcher - determines the correspondence between 

additional instances of compared entities by using the methods TF/IDF and 

cosine similarity. Additional instances contain not only the instances of 

compared entities but also the instances of entities that are related to the 

compared entities. 

 Constraint matcher – determines the correspondence between entities by 

comparing various features of compared entities (number of object and data 

properties, cardinality constraints…). 

 WordNet matcher – a newly implemented matcher. It determines the 

correspondence between entities by comparing the strings obtained from entities’ 

IDs and annotations using WordNet [13]. WordNet is a large lexical database of 

English. The WordNet matcher can find similarities between two tokens of 

compared strings considering the relations (synonyms, hypernyms etc.) defined 

between these tokens within WordNet. The deficiency of the previous systems 

was its inability to recognize these language relations. 

 Uberon matcher – a newly implemented matcher. It determines the 

correspondence between entities by using the mediator ontology Uberon (Uber 

Anatomy Ontology) [14]. This matcher is used for the Anatomy matching track. 

Uberon is an integrated cross-species ontology covering anatomical structures 

in animals. Hence, Uberon contains a lot of information about the anatomy, 

therefore it is very helpful when matching ontologies of the Anatomy track. 

3. Structural basic matchers – determine correspondences between entities by 

comparing their relations with other entities. All these matchers are executed 

iteratively. Like in the previous OAEI campaign, in order to speed up the matching 

process, we made modified structural matchers when comparing ontologies that 

contain more than 1000 entities. When ontologies contain more than 1000 entities, 

all structural matchers are executed just once. Modified matchers decreases the 

quality of matching process but speed up the process. 

 SuperEntity matcher – determines the correspondence between entities by 

comparing the mutual correspondences between their parent entities. 

 SubEntity matcher – determines the correspondence between entities by 

comparing the mutual correspondences between their children entities. 

 Domain matcher – this matcher has two modes, one for calculating similarity 

between class entities and the other one for property entities. First version 

determines correspondences between classes by comparing all the properties 

that have the compared classes as their domains. Second version determines 

correspondences between properties by comparing the classes defined as the 

domain of the considered properties. 



 Range matcher – this matcher determines correspondences only between two 

property entities by comparing the classes defined as the range of the 

considered properties. 

The procedure of executing these structural matchers is described in [6] in detail. 

4. Weighted aggregation using Autoweight++ method – As stated before, 

CroMatcher system executes the weighted aggregation three times during the 

matching process. In this system, we have introduced the Weighted aggregation 

that uses a new method for automatically determining the weighting factors of 

basic matchers. This new method determines the weighting factors of basic 

matchers according to the importance of the highest correspondences found within 

the matching results of each basic matcher. A correspondence between two entities 

ei and ej’ is the highest correspondence if and only if it has higher value than any 

other correspondence of either ei or ej’ with some other entity. The importance of 

each highest correspondence found within the matching results of a particular 

basic matcher is calculated comparing the complete results of this basic matcher, 

without taking into consideration the matching results of other basic matchers, 

which is the case in Autoweight++ method [6] that is used in our previous version 

of the system (CroMatcher 2015). 

5. Final alignment – The final alignment method iteratively selects relevant 

correspondences between entities of compared ontologies. This method is 

presented in detail in [6]. 

2. Results 

2.1. Benchmarks 

In OAEI 2016 campaign, the Benchmark ontology track includes a well-known biblio 

test case. In Table 1. the results for biblio test case achieved in OAEI campaigns 2015 

and 2016 by running the CroMatcher ontology system are presented. 

Table 1. The matching results of CroMatcher system for Benchmark biblio test set 

OAEI Recall Precision F-Measure 

2015 0.82 0.94 0.88 

2016 0.83 0.96 0.89 

As CroMatcher system already has achieved very good results, the improvement of the 

new version of the system is small, but significant.  Our system achieved the best results 

in the Benchmark ontology track together with the Lily system. The introduction of the 

new basic matcher based on WordNet and the modified Weighted aggregation method 

has led to better matching results.  



2.2. Anatomy 

The Anatomy ontology track consists of two large ontologies (mouse.owl and 

human.owl) that have to be matched. These ontologies represent a formal description 

of human and mouse anatomies. In Table 2. the results for Anatomy ontology track 

achieved in OAEI campaigns 2015 and 2016 by running the CroMatcher ontology 

system are presented. 

Table 2. The matching results of CroMatcher system for Anatomy track 

OAEI Recall Precision F-Measure Time (s) 

2015 0.814 0.914 0.861 569 

2016 0.902 0.949 0.925 573 

CroMatcher significantly improved the matching results for Anatomy ontology track 

considering the previous results of this system. The results are improved due to 

introducing the Uberon string matcher. As stated before, Uberon is an integrated cross-

species ontology covering anatomical structures in animals, therefore it is very useful 

when determining correspondences between ontologies of the Anatomy track. 

CroMatcher achieved the second best results in the Anatomy track. Only the AML 

system has better matching results. Furthermore, only CroMatcher and AML have the 

F-measure higher than 0.9. However, a remaining challenge for future work is to speed 

up the execution of the complete system. The focus will be on the execution 

performance of the iterative structural matchers. 

2.3. Conference 

Conference ontology track contains 16 similar ontologies that all describe organization 

of a conference. The systems are evaluated according to three different modes of 

evaluation of which the first mode (crisp reference alignments) is the most 

comprehensive one. Furthermore, there exist three variants of crisp reference 

alignments: ra1 (the original reference alignment), ra2 (the entailed reference alignment 

generated as a transitive closure computed on the ra1) and ra3 (the violation free version 

of ra2). Each of these three variants consists of three different tests according to three 

different alignments between 16 conference ontologies: M1 (contains classes only), M2 

(contains properties only) and M3 (contains classes and properties together). Hence, 

the evaluation mode crisp reference alignments produces nine different evaluation tests 

for matching systems: ra1-M1, ra1-M2… ra3-M3. In this section, we will present the 

results of these nine different evaluation tests according to standard F-measure (the 

harmonic mean of precision and recall). CroMatcher system produces the best results 

for three tests (ra1-M1, ra2-M1 and ra3-M1). For two tests (ra2-M3 and ra3-M3), our 

system also produces the best results alongside the AML system. Furthermore, for 

remained four tests (ra1-M2, ra1-M3, ra1-M2 and ra3-M2), our system produces the 

second best result behind the AML system. Considering the overall results of the 

previous and the current version of CroMatcher (Table 3.), it can be seen that we made 

a great improvement in matching ontologies of Conference track. 



Table 3. The matching results of CroMatcher system for Conference track 

OAEI Recall Precision F-Measure 

2015 0.46 0.56 0.51 

2016 0.64 0.77 0.70 

2.4. Other ontology tracks 

This year, we have not participated in other ontology tracks because we did not prepare 

our system for these tracks. Next year, we will try to improve our system to be able to 

obtain the considerable matching results for more ontology tracks than this year. 

3. General comments 

OAEI campaign provides not only the evaluation of our system but also the comparison 

with other state-of-the-art system. We consider that OAEI evaluation of the ontology 

matching systems is the most authoritative criterion for comparing various matching 

system because the complete evaluation is performed publicly by the OAEI organizers. 

There are also many different ontology tracks and we think that these tracks can help 

anybody to make additional improvements of matching system. 

3.1. Comments on the results 

CroMatcher achieved great matching results in the ontology tracks (Benchmarks, 

Anatomy, Conference) for which it was prepared. Considering the results of each 

individual track, our system achieved the best or the second best matching results. 

3.2  Discussions on the way to improve the proposed system 

We will try to solve the problem with the slow iterative structural matcher in order to 

improve the matching process when comparing large ontologies. Also, we will have to 

store the data about the entities in a separate file instead of java objects in order to 

reduce the usage of memory in the system. Furthermore, we will try to prepare the 

system for all OAEI ontology tracks. 

4. Conclusion 

The third version of the CroMatcher ontology matching system and its results in the 

OAEI campaign were presented in this paper. As in the previous versions of the system, 

CroMatcher consists of several string and structural basic matchers. The Autoweight++ 

method is used to aggregate the results obtained by these matchers. At the end of the 

matching process, the iterative final alignment method is executed. In this version of 



the system, two new string matchers are introduced: WordNet matcher and Uberon 

matcher. WordNet matcher can find similarities between entities considering the 

language relations like synonyms, hypernyms etc. Uberon is an integrated cross-species 

ontology covering anatomical structures in animals. Considering the Anatomy track, 

Uberon is very useful when finding correspondences between ontologies of this track. 

The evaluation results show that CroMatcher achieved great results for Benchmark, 

Anatomy and Conference tracks for which it was prepared. According to the results of 

these three tracks, CroMatcher achieved better matching results than last year. 

Furthermore, there is still room for improvement considering the speed of the matching 

process. Also, we will try to prepare the system for all ontology tracks in the OAEI 

campaign next year. 
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