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Abstract The need for a Unified Enterprise Modelling Language (UEML) that would be
used as in inter-lingua among enterprise modelling software tools has been es-
tablished. The process of defining this UEML goes through the elaboration of
a precise meta-model describing the constructs of the language. A possible and
reasonable approach for the definition of this meta-model is to integrate (parts
of) meta-models of existing enterprise modelling languages. This approach has
similarities with the well studied problem of databases integration in which the
models of several databases have to be integrated into a single one. In this pa-
per, we make an analogy between the two problems and review a state of the
art methodology proposed in database integration to derive methodological
clues for the definition of the meta-model of a UEML.

1. TOWARDS A UNIFIED EML

Enterprise modelling (EM) has long been recognised as a valuable activ-
ity (Vernadat, 1996). However, the current situation in this domain prevents
us from getting the most benefits from EM. Many enterprise modelling lan-
guages (EMLs) exist and offer similar but slightly different constructs for
modelling. A model written in a particular language can rarely be understood
by people not familiar with this language. The different language supporting
tools offer different interesting functionalities, but the absence of common
understanding of the models by the different tools prevents the exchange of
models created by each tool, disabling the user from using these functional-
ities in a model without rewriting it completely in another language.

As an enterprise is a complex entity and because modelling needs are di-
verse, several models are often produced with different languages but no
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integrated model is available that could provide a coherent and complete
view of the enterprise.

This situation has lead to the identification of the need for an inter-lingua
for enterprise modelling (Goossenaerts, et al., 1997). Such a UEML (Unified
Enterprise Modelling Language) could be used to exchange models among
tools and would constitute a base to commonly understand models written in
different languages, providing the possibility for an integrated model of the
enterprise. Some efforts have already been made to define such a language
and have resulted in the European pre-standard ENV 12204 (CEN, 1996).
Such a need was also identified by other projects such as PSL and projects
on ontologies (Schlenhof, et al, 2000, Fox, 1992, Gruber, 1993).

One of the important steps in defining a language is to elaborate a meta-
model. The meta-model corresponds to an abstract syntax and describes the
constructs of the language, their properties and restrictions on the way their
instances they can be combined to form models. It usually serves directly to
define a concrete syntax (textual or graphical) and is the basis for imple-
menting repositories of software tools.

This paper proposes methodological guidelines for the definition of the
meta-model of a UEML. In particular, some research work from the field of
database integration is proposed as an inspiration for defining methodologi-
cal clues. As some issues in this field are similar to the ones to be solved to
define UEML, we propose that lessons learned and tools in the database in-
tegration field are reused. This paper is an attempt to make an analogy be-
tween these two research fields.

2. THE DATABASE INTEGRATION PROBLEM

The database integration problem arises when several databases exist and
contain overlapping or related data, potentially implemented in heterogene-
ous environments. The problem in these situations is to provide a mechanism
for accessing these databases that hides the location of data and provides a
seamless access to logically related data present in more than one database.
Parent and Spaccapietra, (2000) define database integration as “the process
which:

— takes as input a set of databases (schema and population), and

— produces as output a single unified description of the input schemas

(the integrated schema) and the associated mapping information sup-
porting integrated access to existing data through the integrated
schema.”

As an example, consider a situation where some information about per-
sons (such as e.g. name and birth date) is stored in a database made of Cobol
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files and other information (such as name and address) is stored in another
SQL database. Integrating these databases would be necessary to answer
queries such as “list persons aged more than 50 living in Brussels”.

3. AN ANALOGY BETWEEN UEML META-
MODELLING AND THE DATABASE
INTEGRATION PROBLEM

UEML should be defined on the basis of the set of existing EMLs. There-
fore, it should include constructs that relate as closely as possible to those of
the majority of currently used EMLs. UEML should thus be an integration of
most existing EMLs. The definition of UEML should therefore be made by
examining different EMLs and systematically considering the inclusion of
their constructs in UEML. The definition of a meta-model for UEML can be
in some respects compared to a database integration problem in which:

— the database schemas to be integrated are the meta-models of a set of

candidate EMLs;

— the data on which an integrated vision is desired are the various enter-

prise models created in these different EMLs.

In Parent and Spaccapietra, (2000) a general methodology for database
integration is proposed on the basis of a review of current approaches and
solutions to the database integration problem. It consists of three major
steps:

1. Preparation for integration

2. Investigation and definition of correspondences

3. Integration

In the sequel of this section, we describe the activities that have to be per-
formed in each of these steps, make an analogy with the UEML definition
problem and show the possible implications of the methodology for the defi-
nition of UEML.

3.1 Step 1: Preparation for integration

3.1.1 Preparing for the integration of databases

When facing a database integration problem, a natural first activity con-
sists of collecting information about the databases to be integrated. One of
the most important pieces of information about a database is the description
of its content in terms of classes of data that it may contain. This description
is referred to as the database schema (or database model). The schemas of all
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databases to be integrated therefore have to be collected. If they are not
available, they have to be defined. If only a technological description of the
database is available, a reverse engineering process is necessary to obtain a
conceptual schema useful for integration at the conceptual level. An example
of a software tool that supports this reengineering activity is described in
(Hainaut, et al., 2000).

When integrating heterogeneous databases (databases built using differ-
ent technologies such as files, SQL databases, Object-oriented databases,
...), the schemas are usually of different nature or quality. Additional treat-
ment of the schemas is therefore often necessary to reduce discrepancies
among them so that the schemas can be integrated more easily. Three kinds
of modifications to the schemas are described by Parent and Spaccapietra,
(2000): syntactic rewriting, semantic enrichment and representation normali-
sation.

First, a syntactic rewriting of the schemas might be necessary if the
schemas are initially expressed in different languages. If one schema is ex-
pressed e.g. using an entity-relationship notation and another is expressed
using UML class diagrams, the comparison of the elements of the schemas
will be more difficult than if a single language was used. This requires
choosing a common language to express the schemas. According to Parent
and Spaccapietra, (2000) the chosen language must be rich enough to allow
the expression of all information relevant to the different schemas, but must
not be too rich to avoid too man modelling alternatives when defining the
schema. The later problem, known as semantics relativism, calls for lan-
guages with minimal semantics embedded (no complex modelling elements).

Second, the schemas to be integrated might require semantic enrich-
ment. This means adding semantic information to the schema such as ini-
tially un-stated constraints, implicit assumptions,...

Finally, though the choice of an adequate common representation lan-
guage reduces the semantics relativism problem, it is probably not possible
to avoid it completely. Therefore, the schemas might require a representa-
tion normalisation that imposes the use of consistent representational strate-
gies within the schema when choices are possible. For example, if an attrib-
ute of a class in a schema may have many values for each object of that
class, such a strategy might be to represent this attribute as a separate class
linked to the initial class with a relationship.

3.1.2 Preparing for the definition of UEML
Similarly to the database integration problem, the UEML definition re-

quires the collection and definition of the schemas to be integrated. In this
case, the schemas are the meta-models of a set of candidate enterprise mod-
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elling languages considered for “integration” in UEML. Meta-models of
EMLs are usually not directly available. Most EMLs are described in terms
of their syntax, but do not always make explicit all relationships among lan-
guage constructs and constraints that apply to obtain valid models written in
those languages. A first necessary exercise is therefore to define precisely
the meta-models of these candidate languages. In some cases, the meta-
model can be obtained by reverse engineering the meta-models implemented
in supporting software tools that use database technologies to store enter-
prise models in a repository. In other cases, the meta-models have to be
claborated by hand on the basis of the literature describing the EML.

In previous work, we have done the exercise of defining such meta-
models. To express these meta-models we used a common language called
Telos (Mylopoulos, et al., 1990). The choice of Telos is justified by its for-
mality (mathematical foundation), expressiveness (especially for expressing
constraints) and limited number of concepts (preventing too many choices of
representation). The first meta-model we have defined is the one of
CIMOSA, a well known EML, which is the result of a European project
(AMICE, 1993). The complete meta-model can be found in (Petit, 1999).
The second one is the meta-model on the ENV-12204 pre-standard (CEN,
1996). This pre-standard could be considered as a initial attempt of a UEML
definition. The definition of the meta-model on the basis of the published
standard raised a number of problems and open issue that are reported in
(Férier, et al., 2000). In both cases, we have applied implicitly semantic en-
richment and representation normalisation. Based on our understanding of
the studied documents, we have added constraints and resolved perceived
inconsistencies. Representation strategies, while not explicit, were usually
applied because the models were elaborated by a small number of people.

Nowadays, class diagrams from the UML (Booch, et al., 1999) are often
proposed for defining meta-models of languages. Compared to Telos, UML
offers more representational choices and may therefore make meta-models
more difficult to compare and integrate. However, it might be more intuitive
because it is less formal. Note however that deriving a meta-model ex-
pressed in UML from the Telos descriptions is quite easy. We are currently
performing some preliminary work on the definition of a meta-model ex-
pressed in UML for the Workflow Process Description Language (WPDL)
defined by the Workflow Management Coalition, (1999).

For the definition of UEML, a more systematic way of working would be
needed by:

— Making explicit the representation strategies used to define the meta-

model, and systematically apply these strategies;

— Validating the meta-model through interaction with the language de-

signers or owners and validating the semantic enrichments applied.
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3.2 Step 2: Investigation and definition of correspon-
dences
3.2.1 Investigation and definition of correspondences in databases

The next step in the methodology consists in establishing what is com-
mon in the databases that are candidates for integration. This amounts for
investigating and establishing correspondences among these databases. Par-
ent and Spaccapietra, (2000) explains that the correspondences have to be
defined at two levels. At the data level (population of the database), the cor-
respondences among instances of classes present in one database and the
ones present in another have to be identified. To establish these correspon-
dences, the semantics of the instances have to match. Two instances are con-
sidered to have the same semantics if they describe the same real world ele-
ment. At the schema level, correspondences among classes are established if
the correspondences among instances apply to a significant set of instances
of these classes. The correspondence is thus generalised at the class
(schema) level. The correspondence may be further characterised as an
equivalence (if both classes have sets of instances that represent exactly the
same set of real world elements), as an inclusion (if all instances of one class
have a corresponding instance in the set of instances of the other), as an in-
tersection (if there exists correspondences among instances but no equiva-
lence and no inclusion), ... Furthermore, a notation for describing these cor-
respondences is proposed.

3.2.2 Investigation and definition of correspondences between
EMLs

For the definition of UEML, we need to establish correspondences
among the classes defined in the different meta-models of the EMLs candi-
date for being integrated in UEML. But as Parent and Spaccapietra, (2000)
suggests, we may only define correspondences at this level if the correspon-
dences among instances of these classes can be generalised. This means that
we first have to investigate correspondences among models elements created
with the different EMLs and then generalise them if these model elements
have the same semantics. In our case, the semantics of model elements is
more complicated than the one of database instances because enterprise
models usually represent sets of elements or happenings of the real world
rather than individual elements. For example, a model element such as an
object class actually represents a whole population of a database, whose
elements themselves have a correspondence in the real world. A correspon-
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dence among languages can therefore only be established if model elements
created with these languages represent the same set of elements from the real
world. The same principle applies to the comparison of the semantics of be-
havioural models elements such as processes. In this case, the semantics is
even more complex to compare since processes have a dynamics semantics,
potentially representing infinite sets of behaviours. The semantics compari-
son must in this case make sure that the sets of process behaviours described
by both models are corresponding. This comparison can become possible
and be computer-assisted if the semantics of process models is defined for-
mally. Further research would however be needed to allow this kind of
automation.

A consequence for the UEML definition process is that to establish cor-
respondences among language constructs (classes of EMLs meta-models),
we need models created using these languages. Therefore, case studies have
to be carried out in which a single reality is modelled with these different
languages. Then correspondences among the obtained models have to be
established by comparing the semantics of the obtained model elements in
terms of the sets of real world elements or behaviours they represent. On the
basis of these correspondences, tentative correspondences may be defined at
the language level, among elements of the meta-models. These correspon-
dences can then be validated or infirmed on the basis of further case studies.

A notation for explicitly defining correspondences both at the model and
language levels is therefore necessary. In (Petit, 1999), we have proposed a
structure corresponding to this notation for a framework made of several
languages for Manufacturing Systems modelling. This structure, formalised
in Telos, is based on the meta-models of the languages of the framework.
Potential correspondences at the language level are defined as “mapping
rules” among language constructs, whereas correspondences at the model
level are seen as applications (instances) of the mapping rules and establish
correspondences among model elements. It should be noted that in our case,
the mapping rules were not meant to be general nor automatic, so that the
models creator can decide if the rule applies or not on particular elements of
the models. This allows for the definition of different kinds of correspon-
dences as described in (Parent and Spaccapietra, 2000) (equivalence, inclu-
sion, intersection,...).
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33 Step 3: Integration

3.3.1 Integration of the databases schemas

The third and last step is to define the integrated schema of the database
by considering the inclusion of elements from the original schemas in the
integrated schema. This process treats systematically each correspondence
identified in step 2 and decides which elements to include in the integrated
schema. Potential conflicts have to be resolved at this level. A simple exam-
ple of conflict is a “description conflict” which occurs when two correspond-
ing classes have different sets of attributes. In this case the conflict has to be
resolved by deciding which of these attributes have to be included in the in-
tegrated schema. Parent and Spaccapietra, (2000) provides a list of possible
conflicts and references to literature that propose systematic ways of solving
theses conflicts. When solving conflicts, different strategies can be adopted
depending on the objective followed when doing the integration. For exam-
ple, some strategies may seek completeness of the integrated schema while
others may seek simplicity. Parent and Spaccapietra, (2000) therefore insists
on the importance of defining the objective of the integration beforehand and
adopting an adequate strategy.

3.3.2 Integration of EML meta-models into one UEML meta-model

The meta-model of UEML should be defined by considering the integra-
tion of a number of relevant EMLs meta-models. In some respects, the
ENV12204 is already such integrated meta-model. It was defined mainly on
the basis of CIMOSA and IEM (Mertins, Jochem, 1999). However, the
meta-models of these languages were not made explicit in a single represen-
tation language and the correspondences among these meta-models were not
described explicitly. In this process, the conflicts that arose were solved in-
tuitively without being made explicit. This has the drawback that no explicit
trace has been kept of the relationship existing between the constructs of the
original languages and those present in the integrated ENV12204 meta-
model.

The strategy for resolving conflicts during integration has to be defined
and depends on the objective of UEML. A reasonable objective of UEML
could be the interoperability of a set of existing enterprise modelling tools.
In this case, an adequate global strategy would be to only include a construct
in the UEML meta-model if there exist corresponding constructs in the meta-
models of at least two languages to be integrated. Hence, if a construct or
attribute is specific to a tool, it would not be useful to make it available to
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the other tools, since it would not make any sense for the other tool. If the
objective is rather to obtain a logically integrated model of the enterprise, a
strategy where more completeness of the UEML meta-model is sought
would be more appropriate.

In any case, an explicit definition of the correspondences, both among
constructs of the original languages meta-models and between these con-
structs and the corresponding constructs in the UEML meta-model is useful.
The approach of mapping rules proposed above seems adequate for this. The
explicit definition of the correspondences is important not only for explain-
ing the constructs of the UEML by making reference to the constructs of
other existing and known languages, but also because they are the basis for
e.g. a specification of model exchange and translation mechanisms to be im-
plemented in EM tools (in the case of a “model exchange among tools” sce-
nario) or specification of mechanisms for query processing on a logically
integrated enterprise model (in the case of an “integrated enterprise model”
scenario).

4. ADDITIONAL METHODOLOGICAL HINTS FOR
THE DEFINITION OF UEML

A very important step, as discussed in section 3.3 is the definition of the
objective of UEML at the very beginning. The meta-models integration
strategy and the content of the UEML itself will depend on the settled objec-
tive.

A second step is the identification of candidate languages to be “inte-
grated” into UEML. A strong candidate is the ENV 12204 pre-standard. This
language is currently being substantially revised by CEN TC310 WG1. One
of the changes is an explicit and better definition of its meta-model. This
new meta-model could serve as a base for the UEML meta-model and be
augmented or improved by considering other languages.

A good way of working could be to work with languages on a pair wise
basis, rather than considering them altogether.

To remove complexity, the integration process could be first performed
on subsets of the considered languages. These subsets could be the core of
the languages (set of simple or atomic constructs). After integrating these
core constructs, additional composite or complex constructs could be con-
sidered for integration.

Software tools should be used whenever possible to support the definition
of the UEML meta-model. Some of the tools used in the database engineer-
ing and database integration area seem appropriate for this.
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S. CONCLUSION

In this paper we have investigated the analogy between the problem of
defining the meta-model of a Unified Enterprise Modelling Language
(UEML) and the problem of database integration. Some commonalities exist
between the two problems. Based on a general methodology proposed by
Parent and Spaccapietra, (2000), some methodological hints for the defini-
tion of the meta-model of UEML are identified. Some initial work of the
authors is also cited.

As the database integration problem has been studied for some time now,
a large body of literature describing the issues to be resolved, possible solu-
tions to them and supporting tools to solve them is available. Many of them
can be reused within the context of the UEML meta-model definition. This
paper is only a preliminary study of the link between these two problems.
Additional work is obviously needed to better identify relevant solutions and
tools that can be reused for UEML meta-modelling.
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