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Abstract. In this paper, we address the recognition of similarities and 
differences in schema integration while applying the notation in the Karlstad 
Enterprise Modeling approach. In doing so, we describe and present a set of “if 
-then” rules. In these rules, we make use of both concept name comparison and 
comparison of concept neighborhoods (their surroundings). Following the 
classification of schema matching approaches given by [26], the rules are 
classified as a composite schema-based matching approach. The rules should 
first of all be viewed as a step towards a semi-automatic method for the 
recognition of similarities and differences in the integration of structural 
Karlstad Enterprise Modeling schemata. By applying the proposed rules, 
several problems, such as homonyms and synonyms, might be recognized that 
otherwise could pass unnoticed.  
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1   Introduction 

In the information systems development process, we often deal with requirements that 
are gathered from various sources. These requirements are often represented in the 
form of structural and behavioral schemata. The structural part represents both what 
should be stored in the database and what data the information system needs for 
processing the functionality it should provide. On the other hand, behavioral schemata 
represent what functionality the future information system should provide. In this 
paper, we delimit the discussion regarding the recognition of similarities and 
differences to structural schemata, also known as static schemata. In doing so, we 
focus on schema integration in conceptual database design. One of the most quoted 
definitions of schema integration is given by [1] where the authors define schema 
integration as “the activity of integrating the schemas of existing or proposed 
databases into a global, unified schema.” (p. 323). Schema integration means that the 
source schemata are prepared, compared, modified and finally merged into one global 
schema representing parts of, or a whole, database on a conceptual level. In schema 
integration, it is important to maintain the vocabulary used in the source schemata 
otherwise semantic loss might occur [5]. Semantic loss is a problem that not only 
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causes interpretation problems but also causes problems related to integration 
transparency. 

In this paper, we present and describe an approach for the recognition of 
similarities and differences in schema integration. The approach is comprised of a set 
of rules starting with concept name comparison followed by concept neighborhood 
comparison. Following the classification of schema matching approaches given by 
[26], the rules are classified as a composite schema-based matching approach. The 
rules should first of all be viewed as a step towards a semi-automatic method for the 
recognition of similarities and differences in the integration of structural Karlstad 
Enterprise Modeling schemata. By applying the proposed rules, several problems, 
such as homonyms and synonyms, might be recognized that otherwise could pass 
unnoticed. 

The paper is structured as follows: in section two, we address some examples of 
related work and distinguish it from our own rule approach. In section three, we 
present the Karlstad Enterprise Modeling approach with focus on the structural 
aspects. In section four, we present the main contributions given in this paper, namely 
the rules for the recognition of similarities and differences in the integration of 
structural Enterprise Modeling schemata. Finally, the paper closes with a summary 
together with conclusions and some proposals for future research. 

2   Related Work 

One way to classify earlier work in the domain of schema integration is to divide it 
into three parts [4] as follows: 

• Manual approaches to schema integration 
• Formal approaches to schema integration 
• Semi-automatic approaches to schema integration 

 

Manual means that all tasks, such as recognizing similarities and differences, are done 
manually. Formal means that some type of formal language is used and semi-
automatic means that at least one computer application is used. In this section, we 
focus on the semi-automatic approaches, since the work presented in this paper should 
be viewed as a first step towards a semi-automatic method for the recognition of 
similarities and differences in the integration of structural Karlstad Enterprise 
Modeling schemata. 

In [26] the authors present an overview of approaches to automatic schema 
matching. The authors distinguish between schema-based and instance-based 
matching, where schema-based matching can be performed for both the concept and 
its neighborhood. Further, schema based matching might be linguistic or constraint-
based. The work presented in this paper is classified as a composite schema-based 
approach since first we compare concept names followed by a comparison of concept 
neighborhoods. 

In [21] the authors present a method for structural conflict resolution while 
applying the Entity-Relationship modeling language [11]. Even though the title of the 
paper focuses on conflict resolution – resolving similarities and differences between 
two source schemata – the authors still address recognition. In doing so, the authors 
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adopt an assertion-based method. The authors state that a “declarative statement 
asserting that a modeling construct […] in one schema is somehow related to a 
modeling construct in another schema is called an inter-schema correspondence 
assertion or integration assertion for short.” (p. 231). Since the authors use the Entity-
Relationship modeling language in their method, they focus on a level closer to 
implementation than the work presented in this paper. 

In [28] the authors present a method for solving structural conflicts while applying 
a modified version of the Entity-Relationship modeling language called Entity-
Relationship for complex objects or ERC+ for short. In their approach, the authors 
point out that conflict resolution is performed without modification of the source 
schemata. The work presented in [28] focuses on ERC+, a modified version of the 
Entity-Relationship modeling language, and therefore also focuses on a level closer to 
implementation than the work presented in this paper. 

In [30] the authors present an overview of their approach on how to integrate 
schemata on the pre-design level while applying the Klagenfurt Conceptual Pre-
design Model. A Klagenfurt Conceptual Pre-design Model schema should be viewed 
as an intermediate schema placed between natural language and more complex 
conceptual schemata designed with a more traditional modeling language, such as the 
Unified Modeling Language [24]. The work presented in [30] is in line with the work 
presented in this paper, meaning integration is done on a high level of abstraction and 
early in the process of information systems development. 

In [19] the authors address schematic discrepancy in the integration of Entity-
Relationship schemata. According to the authors, schematic discrepancy is a problem 
that arises if  “the same information is modeled as data in one database, but metadata 
in another.” (p. 245). Schematic discrepancy is also a problem that might occur while 
applying the Karlstad Enterprise Modeling approach, since in our approach we have a 
symbol for instance-of (see Fig. 1). In other words, by applying the Karlstad 
Enterprise Modeling approach, it is possible to show that a concept in one schema is 
an instance-of a concept in another schema. Applying the instance-of dependency in 
conceptual database design might indicate several problems in schema integration, 
such as homonyms, that otherwise could pass unnoticed [3]. In [19] the authors adopt 
the Entity-Relationship modeling language, which again indicates that the authors are 
focusing on a level closer to implementation than the work presented in this paper. 

Finally, it should be noted that in previous research, the Entity-Relationship 
modeling language, or some extension of it, has dominated schema integration 
research since the late 1980´s [27], which is also reflected in this section. 

3   The Karlstad Enterprise Modeling Approach 

The Karlstad Enterprise Modeling (EM) approach refers to a modeling approach 
developed to address the pragmatic, the semantic and the syntactic aspects of an 
information system. The pragmatic aspects of EM are represented by a set of 
pragmatic dependencies (connections/links) used to illustrate goals, problems, and 
opportunities together with positive and negative influences [17].  

The semantic aspects of EM are represented as both a set of static dependencies (see 
Fig. 1) and a set of dynamic dependencies. Furthermore, the dynamic dependencies are 
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divided into state and communication dependencies. State dependencies are used to 
illustrate state changes together with conditions (both pre- and post) for actions. 
Communication dependencies are used to illustrate relations between actors, their 
actions and communication flows [16]. By applying the semantic aspects of EM, it is 
also possible to illustrate and represent system analysis patterns such as sequence, 
synchronization, iteration, selection and search [18] and to integrate static and dynamic 
aspects into one schema.   

The syntactic aspects of EM are represented by a set of syntactic elements 
representing databases, database management systems, software components and 
human components. Syntactic aspects are also viewed as CASE-tool dependent and 
therefore the elements that are needed can be added on demand, meaning the list is 
not exhaustive [16].  

One way to describe EM is as a generalization and extension of system analysis 
and design [16]. In [29] the author instead focuses on business processes and 
describes Enterprise Modeling as an approach that deals with modeling and 
integration of business processes.  

 
 

 

Fig. 1. Representation of static dependencies, structural aspects, in EM (adapted and modified 
from [16]) 
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The structural aspects of EM (Fig. 1) show that boxes represent concepts and lines 
between concepts represent dependencies (connections/links). The structural 
dependencies illustrate what type of relation the concepts have to other concepts. For 
instance, one concept might be a specialization of another concept and one concept 
might be an instance-of another concept. It is important to point out that the only 
primitive, amongst the structural primitives, that is given a name is a concept. This 
also influences how similarities and differences between two EM schemata might be 
recognized. Compare this with the Entity-Relationship modeling language which 
names and distinct between entities, relationships and attributes. 

Finally, while applying EM, we do not distinguish between classes and attributes 
but instead put focus on concepts and dependencies between them. This means that in 
our approach, we focus on content (what) and not on how the database is going to be 
implemented. This also means that our approach focuses on issues on a higher level of 
abstraction compared with traditional modeling languages such as the Entity-
Relationship modeling language [11] and the Unified Modeling Language [24]. 

4   Recognition of Similarities and Differences in Schema 
Integration 

Several approaches and methods for the integration of structural schemata have been 
proposed during the years. In [1] the authors conclude that an integration method is 
comprised of, or at least a mixture of, the following four phases: pre-integration, 
comparison of the schemata, conforming the schemata, and merging and 
restructuring the schemata. 

In pre-integration, each single source schema is translated into a canonical 
modeling language, checked for conflicts and inconsistencies (e.g. intra-schema 
similarities and differences) and the integration strategy is selected [27]. In 
comparison of the schemata the schemata are compared aiming to recognize name 
conflicts, structural conflicts and inter-schema properties [20] (e.g. inter-schema 
similarities and differences). In conforming the schemata, the similarities and 
differences recognized in the former phase are resolved. In the fourth and last phase, 
merging and restructuring the schemata, the schemata are first merged and later on 
also restructured. 

Integration of structural schemata is important since there are often several users, 
or user groups, producing several schemata representing the same or different parts of 
a database. Several overlaps often exist between the produced schemata and therefore 
we need to integrate them into one schema. The method of first designing and later 
integrating conceptual schemata has been pointed out as important by many 
researchers. For instance [25] points out that local conceptual schemata preserve and 
highlight differences in how different users view their organization while a global 
conceptual schema may instead mask these. In [23] the authors mention that local 
conceptual schemata may not only prevent premature design decisions but also ensure 
that all local conceptual schemata are taken into account. Schema integration has also 
been mentioned as an effective – perhaps the most effective – technique for 
developing [14][15] and managing [22] large database schemata. Finally, as argued in 
[12] using a semantic model during conceptual design also simplifies schema 
integration. 
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In this paper we put focus on the second phase in the integration method, 
comparison of the schemata, meaning we address how to recognize similarities and 
differences in the integration of structural Karlstad Enterprise Modeling schemata.  

Comparison of the schemata has been described as not only important [27] but also 
as the most difficult phase in schema integration [13][21] and therefore needs more 
attention. 

Our approach starts with comparison of concept names used in two structural 
schemata. The number of compared schemata is two since binary integration [1][2] is 
always assumed. If comparison of schema names yields either ‘equivalent’ or 
‘similar’ the method continues with comparison of concept neighbors. This means 
comparing the concepts and dependencies directly connected to the compared 
concepts where a name match has been recognized [3][8]. The result of the proposed 
method might yield that either the compared concepts are ‘equivalent’, ‘similar’ or 
‘different’. However, this distinction is seldom easy to distinguish and therefore the 
following “if then” rules are proposed for equivalent concept names (E1-E7) and 
similar concept names (S1-S4) (see also [6]).  

Before describing the rules, it should be noted that it is possible to complement the 
presented rule-based approach with not only a name comparison based on ontology 
but also a name comparison based on taxonomy [10]. 

It is also possible to complement the neighborhood comparison with several 
influence factors such as polysemy count, concept valency and domain weight. These 
influence factors could be used to relieve and optimize an implementation of our 
approach, meaning the influence factors could be used to decide if neighborhood 
comparison is even necessary.  

A polysemy count gives the number of meanings a word has in a specific language, 
concept valency gives the number of parameters a word needs for getting its full 
meaning and a domain weight can be manually given to concepts by a domain expert. 

However, it should be noted that whenever ambiguity exists it is recommended to 
continue with a neighborhood comparison [10]. 

4.1   Rules for Equivalent Concept Names 

In rules E1-E7, name comparison always yields equivalent, meaning the compared 
concept names (labels) are the same. The rules for equivalent concept names are: 
 

Rule E1: If comparison of concept names yields equivalent, and comparison of 
concept neighborhoods yields equivalent then equivalent concepts might be 
recognized. 
 

Rule E2: If comparison of concept names yields equivalent and comparison of 
concept neighborhoods yields different then homonyms might be recognized between 
the two concept names in the source schemata. Homonyms occur if one name is used 
for several concepts with different meanings. For instance using concept name Name 
in the context of Customer (schema one) and in the context of Product (schema two). 
Fig. 2 illustrates the recognition of homonyms by applying Rule E2. In Fig. 2, 
comparison of concept names yields equivalent for the concept named Name. 
However, comparison of concept neighborhoods yields no match, which could 
indicate homonyms between the two source schemata.  
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Fig. 2. Recognition of homonyms based on Rule E2 

 

Rule E3: If comparison of concept names yields equivalent and comparison of 
concept neighborhoods yields similar, meaning one concept in each source schemata 
is named different, then synonyms might be recognized between the two concept 
names. Synonyms occur if several names are used for one concept with the same 
meaning. For instance using concept name Article in schema one and Product in 
schema two. Fig. 3 illustrates recognition of synonyms by applying Rule E3. In Fig. 3, 
comparison of concept names yields equivalent for the concept named OrderItem. 
However, comparison of concept neighborhoods yields similar meaning; one concept 
in each schema is named differently, which could indicate synonyms between the two 
source schemata.  
 

 

Fig. 3. Recognition of synonyms based on Rule E3 

 

Rule E4: If comparison of concept names yields equivalent and comparison of 
concept neighborhoods yields similar, meaning one concept name in one of the source 
schema is a composite of a concept name in the other source schema with a following 
addition, and cardinality indicates “one-to-one”, then an association dependency 
between the two concept names might be recognized. An association between two 
concepts means that they have a trivial dependency (link/connection) to each other 
and the cardinality is specified. For instance, using Customer in schema one and 
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Customer Number in schema two. Fig. 4 illustrates recognition of an association 
dependency between Customer in Schema 1 and Customer Number in Schema 2 by 
applying Rule E4. In Fig. 4, comparison of concept names yields equivalent for the 
concept named Name. However, comparison of concept neighborhood yields similar 
meaning; Customer Number is a composite of Customer in schema 1 with the 
following addition Number and cardinality indicates uniqueness (“one-to-one”). 
 

 

Fig. 4. Recognition of association based on Rule E4 

Rule E5: If comparison of concept names yields equivalent and comparison of 
concept neighborhoods yields similar, meaning one concept name in one of the source 
schemata is a composite of a concept name in the other source schema, with a prior 
addition, then a hypernym-hyponym dependency might be recognized between the 
two concept names. A hypernym-hyponym dependency occurs if one concept is 
recognized as a specialization of another concept, which at the same time is 
recognized as a generalization of the other concept. A hypernym-hyponym 
dependency is also known as inheritance (is-a) and as generalization-specialization 
(see Fig.1). For instance, using High Priority Order (hyponym) in schema one and 
Order (hypernym) in schema two. In Fig. 5, comparison of concept names yields 
equivalent for the concept named OrderItem. However, comparison of concept 
neighborhood yields similar neighbor match, which could indicate a hypernym-
hyponym dependency between the two source schemata. 
 

 

Fig. 5. Recognition of a hypernym-hyponym dependency based on Rule E5 
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Rule E6: If comparison of concept names yields equivalent and comparison of 
concept neighborhoods yields similar, meaning one concept name in one of the source 
schema is a composite of a concept name in the other source schema with a following 
addition and cardinality indicates uniqueness with “many”, then a holonym-meronym 
dependency (composition) between the two concept names might be recognized. A 
holonym-meronym dependency occurs if once concept is recognized as a part of 
another concept, which at the same time is recognized as composed (see Rule E6) or 
aggregated (see Rule E7) of the other concept(s). The holonym-meronym dependency 
is also known as aggregation and composition (see Fig. 1). For instance, using Order 
in schema one and OrderItem in schema two. In Fig. 6, comparison of concept names 
yields equivalent for the concept named OrderItem. However, comparison of concept 
neighborhood yields similar neighbor match, which could indicate a holonym-
meronym dependency between the two source schemata. 
 

 

Fig. 6. Recognition of a holonym-meronym dependency based on Rule E6 

Rule E7: If comparison of concept names yields equivalent and comparison of 
concept neighborhoods yields similar, meaning one concept name in one of the source 
schema is a composite of a concept name in the other source schema with a following 
addition and the cardinality between the two concepts indicates “many” without 
uniqueness, then a holonym-meronym dependency (aggregation) between the two 
concept names might be recognized. For instance using Order in schema one and 
OrderLine in schema two. 
 
A few issues need to be addressed in the presented rules. Depending on how the 
dependencies are used in the source schemata, rules four, five and six could indicate 
either sharper or looser dependencies. This means that rule E4 could indicate an 
association or a composition (part-of) dependency and rule E5 and E6 could indicate 
an association dependency. It should also be noted that in schema integration 
synonyms and homonyms are often called name conflicts [1] or semantic conflicts 
[27] and hypernym-hyponym and holonym-meronym dependencies as inter-schema 
properties [20]. An inter-schema property occurs if two source schemata have certain 
constraints in common [20] such as a hypernym-hyponym dependency and a 
holonym-meronym dependency. 
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4.2   Rules for Similar Concept Names 

In rules S1-S4, name comparison always yields similar, meaning the compared 
concept names (labels) are not exactly the same but very similar. Rules S1-S4 can be 
viewed as a refinement and extension of the two rules expressed and proposed in [10] 
stated as: 

• Rule 1: If concept A is atomic and concept AB is a composite consisting of 
A followed by another word B then the concept AB ‘belongs-to’ concept A. 
Example: “Customer” and “Customer Name”  “Customer Name” 
‘belongs-to’ “Customer”. 

 

• Rule 2: If concept A is atomic and concept BA is a composite consisting of a 
word B followed by word A then the concept BA ‘is-a’ concept A. Example: 
“Order” and “High Priority Order”  “High Priority Order” ‘is-a’ 
“Order”. (p. 112) 

 

However, the rules expressed and proposed in [10] are proposed for any modeling 
language, meaning the rules are modeling language independent, while the rules 
described in this paper are adapted for the Karlstad Enterprise Modeling approach. 
The rules for similar concept names are: 
 
Rule S1: If comparison of concept names yields similar, meaning one concept name 
and one concept name with a following addition to the first one, and comparison of 
concept neighborhoods yields similar or equivalent with a “one-to-one” in cardinality 
then an association dependency between the two concept names might be recognized. 
For instance using Customer in schema one and Customer Id in schema two.  
 

Rule S2: If comparison of concept names yields similar, meaning one concept name 
and one concept name with a following addition to the first one, and comparison of 
concept neighborhoods yields similar or equivalent with uniqueness and “many” in 
cardinality then a holonym-meronym dependency (composition) between the two 
concept names might be recognized. For instance using Order in schema one and 
OrderItem in schema two. 
 

Rule S3: If comparison of concept names yields similar, meaning one concept name 
and one concept name with a following addition to the first one, and comparison of 
concept neighborhoods yields similar or equivalent and the cardinality indicates 
“many” without uniqueness then a holonym-meronym dependency (aggregation) 
between the two concept names might be recognized. For instance using Order in 
schema one and OrderLine in schema two. 
 

Rule S4: If comparison of concept names yields similar, meaning one concept name 
and one concept name with a prior addition to the first one, and comparison of 
concept neighborhoods yields similar or equivalent, then a hypernym-hyponym 
dependency might be recognized between the two concept names. For instance using 
High Priority Order (hyponym) in schema one and Order (hypernym) in schema two. 

 

Occasionally it could be useful to continue with comparison of concept 
neighborhoods even if the comparison of concept names yields different (see also 
[10]). In doing so, synonyms that otherwise could pass unnoticed might be recognized 
(see Fig. 7). The result of a comparison of concept neighborhoods, with the prior 
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result of different from comparison of concept names, could result in three cases. If 
different, then the concept names are different or if similar or equivalent then concept 
names could be synonyms. In line with the issues addressed in connection with rules 
E4-E6, rules S1-S3 could indicate either sharper or looser dependencies. In Fig. 7, 
two concept names yield equivalent (see Name and OrderItem). Based on these two 
matches, a neighborhood comparison might be conducted indicating that Article in 
Schema one and Product in Schema two are synonyms. 
 

 

Fig. 7. Recognition of synonyms based on neighborhood comparison 

5   Summary and Conclusions  

In this paper we have described and illustrated a rule-based approach for the 
recognition of similarities and differences in the integration of structural Karlstad 
Enterprise modeling schemata. Stating the chosen modeling language and approach is 
very important since the chosen modeling language often influences not only how 
similarities and differences between two source schemata are recognized but also how 
similarities and differences between two source schemata are resolved in the 
integration process.  

In the Karlstad Enterprise Modeling approach, structural and behavioral aspects are 
closely connected, they might even be integrated into one schema, and similar 
problems, such as homonyms and synonyms, might occur while integrating each type 
of schema (structural and behavioral). Therefore the work presented in this paper is 
also partially applicable to the integration of behavioral schemata. Integration of 
behavioral schemata is a topic that will be addressed in depth in future research. 
However, before integrating the behavioral schemata it is preferable to integrate the 
structural schemata. The motivation for this is that then several problems, such as 
homonyms and synonyms, will already have been resolved [7]. Additionally, the 
integrated structural schemata can be used as an information resource while 
integrating the behavioral schemata [9]. 

The presented and illustrated rule-based approach should first of all be viewed as a 
step towards a semi-automatic method for the recognition of similarities and 
differences in the integration of structural Karlstad Enterprise Modeling schemata. As 
shown in section four, by applying the proposed rules several problems, such as 
homonyms, synonyms, associations, hypernyms-hyponyms and holonyms-meronyms, 
might be recognized that otherwise could pass unnoticed. 
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Future research will focus on developing a semi-automatic method for the 
integration of structural Karlstad Enterprise modeling schemata. In future research we 
will also address methods and approaches, both manual and semi-automatic, for the 
integration of behavioral Karlstad Enterprise modeling schemata. 
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