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Preliminaries to the research 
 

Ever since the early sixties, companies tend to use information systems (IS) in 
an increasing rate. In the beginning, the usage of IS was cumbersome, nonetheless 
the eighties has witnessed a significant increase in the interest for these systems and 
the usage became easier and easier as they spread on the market. This led to their 
current status when even a smaller company may not survive without them. 

The presence of an appropriate information technology (IT) infrastructure is 
often not sufficient for the company to satisfy its information demand, adequate 
special-purpose enterprise applications (EA) are needed as well. Throughout the last 
decades, various enterprise applications of different software vendors have been 
released. These enterprise applications were developed separately and employed 
different approaches and inner structure to fulfill a given business goal. This 
heterogeneity can sometimes be observed even among the softwares of a given 
vendor. Consequently the data and the software functionalities of the companies are 
broken into islands or silos. The consequence is that different applications – 
especially of different vendors – usually do not interoperate and collaborate by default 
[1]. On the other hand, the overall corporate IT needs can only be satisfied through 
the collaboration of various enterprise applications in most cases. Following the cost 
efficiency directives, companies usually do not turn to a single software developer for 
expensive custom developments, but compile the enterprise application package 
which best satisfies their business IT requirements. Since these enterprise 
applications are heterogeneous, the implementation of their efficient interoperation 
requires such stand-alone toolsets and approaches, like the Enterprise Application 
Integration (EAI) [2] or the Enterprise Information System (EIS) [3]. The task of EAI 
is then to connect isolated enterprise applications or subsystems – called islands –, 
and implement system-wide communication to enable the execution of inter- and 
intra-organizational processes. The EAI approach requires that the application 
interfaces be matched to that of the EAI framework. 

Alternatively, Service Oriented Architecture (SOA) [4] can be regarded as 
another approach of the enterprise-level application and information integration, by 
which the functionalities of the enterprise information system are provided as 
services and they shall be integrated through their published interfaces in order to 
provide the required EIS functionalities. In this case, the enterprise application 
integration can be carried out as service composition. According to the SOA 
approach, only the interfaces of the services are public, the inner structure remains 
hidden. This way the inter-application communication may only be implemented 
using the methods and objects appearing in the interfaces. This approach promotes 
reusability and loose coupling. 
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Hence a key element of the SOA is the business object since it constitutes the 
communication carrier in the integration scenario. The business object can be seen 
as an entity in the interface schema, so the application integration or service 
composition includes the finding and matching of semantically related entities. This 
latter process is the schema matching. Thus the task of schema matching can be 
formulated as the retrieval of the list of semantically related entities or – in a broader 
sense – the discovery of correspondences. 

For the purpose of better understanding, a sample schema matching scenario is 
presented hereby which shows the task of schema matching [5] as well as some of 
the key challenges of it. The sample schema matching scenario includes two schema 
entities representing the exact same real-life entity (the address of the company). Fig. 
1 shows the matching of these schema entities as well as their attribute mapping. 

 

Fig. 1: The task of schema matching 

It is now visible that the task is far from being trivial especially for a machine 
evaluator: the two schema entities were created using different naming conventions 
and the matching of their attribute is based on a complex mapping. Also, the related 
schema entities may be at different level in the schema graphs. A related issue is the 
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entity granularity difference, i.e. one of the related entities may have a deeper 
structure or just contains more schema nodes than the other. In this case, the entity 
matching itself becomes more complex and should be carried out considering multiple 
schema graph levels simultaneously. Another source of complexity by the schema 
matching is the sheer size of the task: the matching may be straightforward for 
smaller schemas, but the enterprise schemas may contain tens of thousands of 
schema entities. Nonetheless, the schema matching algorithms should also perform 
on large, heterogeneous schemas with efficiency and high accuracy. 

The task of schema matching can also be formulated as to find related entities in 
the schema graph by comparing schema graph nodes. In this example given by Fig. 1, 
we should conclude the schema entities labeled “Address” and “AddrData” are in fact 
related, because they represent the exact same real world entity. We should draw this 
conclusion by comparing the schema graphs. 

The field schema matching is subject of active research, the results of which are 
regularly summarized by Euzenat and Shvaiko [6]. 

Research motivation and open issues 

Many schema matching solutions have been proposed, like [7-10]. These 
solutions have in common that – although some of them are capable of remarkable 
performance – their accuracy does not allow the complete omission of the human 
supervision: the human experts with knowledge on the given enterprise system 
should be actively involved in the follow-up review of the schema matching and the 
mismatches should be corrected. The follow-up correction entails a significant growth 
both in runtime and in costs. Another issue is that the schema matching algorithms 
show accuracy fluctuation in real-life scenarios without scenario-based specific 
optimization. As a preliminary to the theses presented hereby, I have evinced this 
accuracy fluctuation. On the other hand, the improvement of this varying accuracy 
performance of the schema matchers is quintessential for their real-life applicability. 
This is especially true for mission-critical, transactional systems, like banking 
applications. 

The most common types of schema matchers – the hybrid or composite schema 
matchers – are composed of multiple stand-alone schema matchers [5], i.e. schema 
matching components.  The schema matching components are typically combined 
through weights: the (normalized) similarity or semantic values given by each schema 
matching component for the entity pairs are typically aggregated using a predefined 
weight vector. Nevertheless, the similarity values given by the schema matching 
components can be used on their own as well. These similarity values are best 
described as the normalized value expressing how likely it is that the evaluated entity 
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pair describes the same real world entity, i.e. to what extent are they related. Based on 
these values, the list of related entity pairs is made in the next step. Namely, we obtain 
the list of related entity pairs by comparing their similarity values to a predefined 
threshold. This list will constitute the result set of the schema matcher. 

The weights and the threshold constitute the set of schema matching 
parameters to be optimized, i.e. the parameter space. Although it is true that general 
recommendations for the weight vector range can be found in the applicable schema 
matching literature [6, 8], these general recommendations are not sufficient to 
guarantee the optimal operation. Namely, schema matchers with this kind of 
approximately fixed parameters are apt to show varying accuracy under different test 
conditions according to my preliminary research observations. It became evident that 
the parameter set ensuring the peak performance of the schema matching algorithm 
may significantly and unpredictably vary from test case to test case. Considering this 
observation, I aimed to develop a methodology with a wide spectrum to enable the 
pre-execution parameter optimization of schema matching algorithms. 

It has also become evident that no matter how optimal the parameter set 
supplied to schema matchers is, certain schema matchers innately outperform 
others. Hence another potential for performance improvement lies in the operational 
efficiency analysis of schema matching components. In order to be able to perform 
this component analysis, the algorithms shall be dissembled into individual 
components, then their performance should be evaluated using objective metrics and 
by executing them on diverse schemas. This insight inspired me to develop a method 
for the Comparative Component Analysis of schema matchers. 

During the elaboration of the needed optimization methods, I empirically 
observed the following problem which is also typical for the optimized schema 
matchers: the similarity values of a significant subset of entity pairs fall near to the 
threshold and their linear separation cannot be performed in the input parameter 
space. This phenomenon leads to the distortion of the accuracy assessment, viz. 
accuracy measures used for the performance assessment do not take into account the 
severity of the mismatch and equally penalize the case when the mismatch happened 
near to the threshold – minor mismatch –, and the case when the mismatch 
happened far from the threshold – major mismatch. Whereas the human evaluator 
could make use of this information, i.e. the confidence level of the entity pair 
classification given by the algorithm. In other words, the experts are deprived from a 
vital reference point, besides the fact that the accuracy is prone to distortion by this 
coarse-grained evaluation. In this light, the elaboration of such methods are sought 
after which lessen the distortion effect of this phenomenon. Due to the readjustment 
of the working principle of the accuracy evaluation, the related accuracy measures 
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should also be – at least partially – readjusted to incorporate the classification 
confidence. I will refer to this identified problem as “the cutting threshold problem”. 

Although there are many schema matchers with various approaches and some 
of them are capable of performing schema matching with satisfying accuracy – if 
provided with an optimal parameter set, the family of schema matching algorithms is 
far from being fully comprehensive, since their performance lag behind the 
maximum. A linguistic schema matcher exploiting a label comparison method more 
effective than those found in the literature would be highly desirable. I also aim at 
creating a structural matcher which incorporates an operational mechanism which is 
different from, and more efficient than those in the literature. 

The related term set is the collection of terms circumscribing an entity. The 
increased involvement of related term sets constitutes another improvement option, 
which approach has already shown promising results in its early stage of 
development. This approach also necessitates the enhancement of current textual 
comparison-based similarity metrics. Therefore the repositioning of the role of 
related term set based schema matching is needed in the frame of a novel schema 
matcher. Unfortunately related term set based matching is mostly neglected in the 
literature, but my early research experiments with the schema matcher NTA [9] have 
shown that the accuracy of the related term set based (vocabular) schema matchers 
is outstanding and there is much improvement potential in the current approaches. 
Considering that the related term sets are rarely provided in the schema definitions, 
the elaboration of a process capable of converting entity descriptions – found in the 
majority of schema definition – into entity related term sets, is also an open issue. 

Research aims and objectives 

Taking into account the written above, my research aims and objectives can be 
stated as follows. I would like to improve the accuracy of current schema matchers. 
For this purpose, my first objective was to elaborate such schema matching algorithm 
optimization methods which are capable of optimizing the parameters of an 
arbitrarily chosen schema matcher to an arbitrarily chosen scenario. These 
optimization methods are the most usable in practice, if they are part of unitary 
execution system and the amount of required external interaction can be kept at a 
low level. Hence I also set the objective of developing a schema matching framework 
which has schemas and schema matchers as input and returns a schema matcher 
optimized to the input schemas and a schema matching of the input schemas using 
the optimized schema matchers. 

I also intended to provide a solution for the aforementioned cutting threshold 
problem. In conjunction with this proposed solution, I also wanted to elaborate a 
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schema matching accuracy evaluation method, which is consistent with the provided 
solution and is capable of the distortion-free accuracy assessment of schema 
matchers. 

Lastly, I set the objective of the development of a novel hybrid schema matching 
algorithm capable of more accurate schema matching compared to the other 
concurrent schema matchers thus allowing its application in enterprise 
environments. As part of the schema matcher, I also intended to create a process 
which efficiently generates related term sets from the textual entity descriptions 
found in the schema definitions. Furthermore, the novel schema matcher should 
incorporate an efficient related term set similarity evaluator since it has significant 
performance enhancement potential. I also wanted to devise a novel structural 
matcher as part of the proposed hybrid matcher which efficiently uses the 
relatedness information of the entity neighbors in the schema graphs. 



8 

 

The new scientific results formulated in the theses 

Thesis I: I have elaborated a new group of methods which enables the 
optimization of the schema matcher parameters to a given scenario.  
 
I have elaborated such analytical methods which are capable of the parameter 
optimization of schema matcher algorithms. I have categorized these methods based 
on the applicable schema matcher parameter optimization approach and proposed 
several efficient methods in the categories. 

The objective of the reference approximation approach is to minimize the 
mean squared error from the reference matching by only adjusting the weight vector 
of the hybrid schema matcher. I have proposed three methods in the reference 
approximation category: the canonical, the disjunct and the weighted reference 
approximation. I have defined the base form of the reference approximation as 
follows: (w is the weight vector, r is the reference match, C is the cumulated result 
matrix, nep is the number of entity pairs, nc is the number of components). 

 
The other main category of the elaborated schema matcher optimization 

methods is the direct accuracy measure maximization. In this case, the objective 
functions are the specific derivatives of the three most commonly used schema 
matcher accuracy measures – the precision, the recall and the f-measure – which 
only contain the parameters of a given schema matcher. I have defined the base form 
of the accuracy measure maximization as follows: (τ is threshold, μp is the proposed 
match vector, μc is the correctly retrieved match vector) 

 
For the demonstration of the optimization results and of the attained accuracy 

improvement, I have developed a novel visualization technique capable of 
continuously displaying the accuracy as a function of schema matching parameters 
with all the applicable constraints, even in the case of four or more dimensional 
parameter spaces. For the accuracy measure maximization – where the threshold is 
also part of the input parameter space –, I have developed a novel type of diagram 
called Parameter-Accuracy Characteristic Map (PACM) which continuously displays 
the accuracy as a function of transformed parameters. 
 
 
 
 
Publications related to the thesis: [NL1],[NL2],[K1],[K2],[K3],[K6] 
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Thesis II: I have devised a learning-based schema matcher optimization 
framework with flexibly changeable elements for the semi-automated 
optimization and execution of schema algorithms. As part of the framework, I 
have created a component assessment method which objectively evaluates and 
ranks the schema matching components of any composite schema matcher. 
 
The proposed procedure formally defines the steps of the automated schema matcher 
parameter optimization. Furthermore, the procedure exploits the optimization 
possibilities, as well as the parallel and iterative execution possibilities, thus enabling 
the effective multiple execution and the life cycle management of the proposed 
optimization procedure in enterprise schema matching scenarios. The procedure 
comprises the following defined elements: Learning Set Definition, Manual Initial 
Matching, Conversion into the Input Format, Initial Input Algorithm Set Definition, 
Algorithm Decomposition, Component Set Extension, Comparative Component 
Analysis, Recombined Matcher Construction, and Parameter Calibration. 

I have experimentally shown that the performance of the schema matching 
components is test case dependent and proposed a method capable of the distortion-
free, test case dependent comparison of the schema matching components. Also, I 
have proposed several approaches for the comparison basis: Gini-index, Information 
Gain, decision tree, and error based component evaluation. The formulas of the 
performance evaluation functions Gini-index Gini() and Information Gain ∆info()  are 
shown below. (X = {x0,...,xnc} is a discrete variable, P(xi) is the probability of the event 
that P(X) = xi, |X| denotes the size of X.) 

 
 
 

 
 
 
 
 
 
 
 
 
Publications related to the thesis: [L2],[NL1],[NL2],[K3],[K4],[K5],[K7] 
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Thesis III: I have demonstrated the schema matcher accuracy distortion in the 
case of the constant threshold application and I have devised a method to 
handle this problem. The proposed method allows the involvement of the fuzzy 
logic in the field of schema matching. 
 
I have demonstrated that the following undesirable situation might arise even after 
the optimization of schema matching approaches: mixed classed entity pairs are 
mingled in the direct vicinity of the threshold. This phenomenon impedes the linear 
separation of the matching and non-matching entity pairs in the input parameter 
space. In these cases, the misclassification of at least some of the entity pairs is 
inevitable. On the other hand, the common threshold application and the accuracy 
measures based on it equally penalize the misclassification regardless of the severity 
of the mismatch. This leads to the distortion of the accuracy measure, since the 
common accuracy measures do not take into account the severity of the mismatch, 
nor the confidence level of the classification. I refer to this problem as cutting 
threshold problem. 

After the problem formulation, I have devised the concept of threshold function 
which is capable of handling the cutting threshold problem. I have also proposed the 
ideal curve for the threshold function and its formula with appropriate parameters for 
schema matching. (g is the transition granularity) 

 
Since the schema matcher accuracy assessment in the literature is based on the 

constant threshold value application, I have reformulated the classic accuracy 
measures which adequately reflect the adjusted accuracy after the application of the 
cutting threshold problem handling method. I have shown that the proposed 
threshold function and the fuzzy membership functions are related. (Mp is the set of 
matches returned by the schema matcher, Mr is the set of reference matches.) 

 
 

 
 
 
 
 
 
Publications related to the thesis: [L1],[NL1],[K2],[K8],[K9] 
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Thesis IV: I have developed a new hybrid schema matcher which is capable of 
efficient and accurate schema matching using its incorporated linguistic, 
vocabular and structural matchers. 
 
The proposed schema matcher is comprised of three components: a linguistic, a 
vocabular and a structural matcher. The linguistic matcher is based on the proposed 
logistic homosequence (LHS) similarity measure. (The function affix() returns the 
length of the longest common substrings of the input strings.) 

 
As part of the schema matcher development, I have demonstrated the efficiency 

of related term based schema matching techniques. Considering that the entity 
related term sets are rarely provided in the schema definitions, I have elaborated a 
process capable of efficiently extracting the related term sets from entity descriptions 
using text mining techniques. I have also developed a related term set similarity 
evaluation method which incorporates the textual similarity evaluation of the 
proposed linguistic matcher and takes into account the term frequency. This method 
constitutes the vocabular matcher of the proposed hybrid schema matcher. (The 
frequency of the term r1ε of related term set t1 is f1ε( t1).) 

 
Also as part of the proposed hybrid schema matcher, I have developed a new 

structural matcher which defines neighbor-levels centralized around a given entity 
and carries out discounted similarity contribution on a finite number of neighbor-
levels. The neighbor-level similarity of a given level is determined based on the best 
entity matchings. The similarity contribution of a neighbor-level to the evaluated 
entity pair relatedness is given by the contribution function. 
 
 
 
 
 
 
 
 
 
 
 
 
Publications related to the thesis: [L3],[NL1],[K3],[K10],[K11] 
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The utilization of the results 
 

The optimization methods presented in Thesis I and II were devised by taking 
into account the requirements of enterprise applications.  In these environments, the 
complexity of the applied methods is quintessential, since they are usually executed 
on large schemas. I considered the definition of an adequate input format important, 
because significant runtime can be spared by the omission of schema elements 
irrelevant to schema matching and by the reordering of schema entities in the 
sequence of traversal.  For the better utilization, I have implemented a web 
application incorporating the proposed schema matcher optimization framework 
and the related methods, which also enables the load balancing on the server side, 
which is a crucial issue because of the complexity induced by the typical size of the 
enterprise schemas. The presentation layer of the web application is a platform 
agnostic, browser-based rich client, which communicates with the back-end in a size-
efficient message format. In the web application, the application server responsible 
for the persistency and load balancing is detached from the resource intensive group 
of ASPs (Application Service Provider), which can be evoked via web services.  

The results of Thesis III enables us to gain insight into the real performance of 
the enterprise schema matching, since it eliminates the accuracy distortion induced 
by the presented cutting threshold problem. The proposed revised accuracy measures 
serve the same purpose. Namely, we should bear in mind that the cost of correction 
for misclassified entity pairs is enormous in enterprise schema matching scenarios, 
since it means that both the matching and the non-matching sets need to be re-
examined in order to detect the misclassified entity pairs.  Furthermore, only a perfect 
match is acceptable for mission-critical business applications; even lesser errors may 
entail unpredictable consequences in the case of a banking module, for example.  A 
significantly more favorable scenario is when we acquire information regarding the 
confidence of the classification and only the uncertain classifications need to be re-
examined. 

As a result of Thesis IV, a new schema matcher with enhanced schema matching 
approaches has been developed, which strongly builds on the experiment results of 
the proposed schema matcher optimization framework.  Also taking into account the 
complexity of the enterprise schema matching, the proposed schema matcher has 
only a justified amount of complexity enabling the runtime efficient, but highly 
accurate schema matching. The schema matcher implementation is also part of the 
web application of the schema matcher optimization framework. 
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