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Abstract. The usage of the Unified Modeling Language in the indus-
trial context becomes increasingly popular. There is an agreement in
academia that the Object Constraint Language (OCL) is suitable for
defining model constraints and queries. However, it has not yet been
broadly adopted by practitioners because they find it difficult to define
OCL expressions. Thus, simplification is desirable to increase the use of
OCL in practice. We propose OCL libraries (OCLLib), which simplify
the development of OCL expressions and enable a high reuse factor, are
configurable, testable (OCLUnit) and documented (OCLDoc). In this
paper we present the underlying concepts related to OCL library devel-
opment we used in UML specific and domain specific projects conducted
in academic and industrial contexts, respectively.
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1 Introduction

The Unified Modeling Language (UML) is the well-supported, de—facto standard
for object—oriented design and analysis of software systems used to design large
scale models. The quality management of models can be supported by the use
of constraints and queries expressed in the Object Constraint Language (OCL).
The maturity of the OCL syntax and semantics caused its utilisation within
other Object Management Group (OMG) standards and extension of its scope
to any language based on Meta Object Facility (MOF). In our recent projects we
have successfully used OCL for model assessment and found that OCL is expres-
sive [1] and its interpretation is fast [2] enough for querying large scale models.
In contrast to the syntax and semantics, the pragmatics of OCL needs further
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improvements. Despite the fact that the language became broadly supported by
modelling tools [3], practitioners still find OCL specifications difficult to under-
stand [4] and their development difficult, error-prone and time-consuming [5].
The twofold characteristic of OCL (it was designed to be used at the modelling
level but has a textual notation closer to the programming level) causes that
model designers may find it too formal and programmers too abstract. The pos-
itive consequence of OCL being similar to programming languages is the fact
that some best practices known from the software development context can be
used for development of OCL expressions.

Before we introduce our solution we want to discuss selected challenges
related to development of OCL specifications. (C1) Error—free OCL development
is hardly feasible. For the software development no error—detecting approach
will ever be able to produce error—free software [6]. For large and complex OCL
specifications the same problem is encountered, but it is possible to reduce the
number of syntax and semantic errors. As the syntactical correctness is crucial it
is already reflected at theoretical and technical levels, but not all issues related to
the semantical correctness are solved. (C2) Easy to understand OCL expressions.
Correct expressions ((1) should be understandable by developers and users [4].
In general, all techniques used in programming languages can be supportive for
this challenge, e.g. usage of simple algorithms and data structures, meaningful
names, following coding conventions, documentation, tracing and debugging.
(C8) Easy and efficient OCL development is an idealistic and subjective view.
The language itself can not be simplified but its complexity can be leveled by
providing learning ((2) and development support. Experience knowledge should
be stored and shared. If there are examples of correct OCL expressions (C1)
available (which can be customized, or even better, only parametrised) then
the development of OCL expressions should be easier and more efficient. For
this challenge technical support plays a huge role. (C4) Easy to evolve OCL
expressions. Similarly, as any piece of code OCL specifications are evolving [4].
There are two critical dangers: the meaning of some parts of the specification can
be forgotten and as such hard to evolve or refactor to cover new requirements;
and introducing new parts or updating existing ones can have undesired impact
of other parts of a specification.

We propose to use the following established techniques: a systematic devel-
opment including usage of libraries, testing and in—code documentation. In the
remainder of the paper we present the extended development process (Section[2)
and discuss our results and future work in the context of the aforementioned
challenges (Section [3).

2 The Extended Development Process

In this section we present the idea of testable and documented libraries of OCL
expressions and their usage. Depending its purpose, a library can consist of differ-
ent components: definitions, constraints, queries, tests and their documentation.
A collection of libraries and test models forms an OCL library project. Such a



project can be used by another tool, e.g. constraints can be used in a modelling
tool and queries can be used in a model analysis tool. An overview of the OCL
library project development and usage process is illustrated in Fig.[1. The
upper swimlane corresponds to the OCL library project development stage
(Fig.[1). It starts with a specification of OCL definitions and tests. We denoted
these activities as being parallel while different approaches can be used here.
One can traditionally start with the definition specification or can follow the
test driven approach |7] and define tests and test models first. This is up to the
developer. As soon as definitions, tests and test models are defined the tests can
be evaluated. If the tests return expected results (denoted as [pass] in the dia-
gram), and in the meantime the documentation was created, one can start using
the definitions. Otherwise (denoted as [fail]) the development process should
be continued. As already mentioned, we consider different usage scenarios of
OCL library project: tested and documented definitions can be used in other
definitions, constraints or queries. In Fig. [1] we present the latter case. At this
stage queries are designed and used in model querying on project models. The
difference between test and project models is that for the former the expected
results are known and test models should not change. If a test model changes
then the corresponding tests should be updated to reflect these modifications.
Due to the space limitations we give only an overview of the proposed extensions.
More details can be found at http://squam.info/ocleditor/.
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Fig. 1. The library development and usage process.
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OCLLib—Collection of OCL FExpressions. The main goal of a library is to
provide a set of useful and easily reusable OCL expressions (C3). If OCL ex-
pressions are split into small chunks, following the modularity and separation of
concerns paradigms, then the probability of OCL expression reuse by parametri-
sation but without adaptation is high. Additionally, as OCL expressions depend
on an underlying metamodel (MOF or MOF based) they have to be modularised
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into libraries specific to this metamodel, which specifies the scope of application
of the library. Furthermore, modularisation based on particular parts of the
metamodel can be considered, e.g. libraries specific to UML class diagrams or
activity diagrams. To increase and configure reuse, import and visibility concepts
are used. A library consists of definitions, constraints, queries and tests which are
grouped into blocks, which may be documented. Definition and constraints
are concepts adopted from the OCL/UML standard specifications. Definitions
enable better modularisation and higher reuse: defined methods can be used in
other libraries, whereas, defined attributes can be additionally used to configure
(the parametrisation principle) a library. For example, a collection of metrics
can be defined in a library and upper bounds for them in another one, then the
metric library can import the configuration library. Both, definitions and con-
straints can be used by other tools. A query is an enhanced concept from the
Query/Views/Transformations standard adding parts specific to model querying
and as such can be used in model design and analysis tools.

OCLUnit—Testing of OCL Ezpressions. Validation ((1) is required before
OCL definitions are used in other libraries or by other developers (U3). In pro-
gramming practice testing plays a manifold role during the lifetime of a piece of
code. Introducing testing to the OCL development practice addresses all chal-
lenges discussed in Section [I. Testing reduces bugs (1) and moreover, bugs
need only to be found once [8], if they are again introduced due to code changes
(J4) they can be automatically detected with prior defined tests. Moreover,
a piece of code is usable (CU3) for anyone (else) only if it passes all available
tests. Additionally, a test case is a simple scenario with a known result, and can
be used to understand (C2) code being tested. As pointed out in the problem
statement the perceived complexity of OCL is high and testing gives a developer
a high degree of confidence that a piece of code is correct. Thus, testing can
increase the usage of OCL by practitioners.

OCLDoc—Documentation of the OCL FEzpressions. Documentation of any
software artefact is important for many reasons. Among others as a mean to
knowledge transfer and communication. Moreover, high—quality software
documentation reduces the maintenance burden and improves productivity by
enhancing reusability. The programming practice [8] showed that the best way
to keep a technical documentation up—-to—date is to generate it out of source
code comments, as it can be written simultaneously with coding and with the
same tool by a programmer. Based on documentation OCL developers can easier
search for similar expressions and reuse or refactor them, where are OCL users
can make a proper choice of needed expressions.

3 Discussion and Conclusion

In this paper we analysed challenges for a pragmatic OCL development. We
presented three extensions as a possible partial solution to these challenges. We
successfully used the described development process in a number of didactic
and research projects. The largest project, regarding the size of OCL libraries,



was conducted during the previous semester and had didactic purposes and
an evaluation aim. In a period of 2 weeks 10 students developed 50 libraries
(4.5kLOC excluding comments) to implement a set of UML metrics [9] in OCL.
Even though students had low experience with OCL they found the assigned
task easy. The largest project regarding the size of models, was conducted this
year within an industrial context. The aim of the project was to document
and improve a business process and IT infrastructure. In this project model
queries were successfully used to improve the quality of process models (250
entity elements).

The solution we proposed address all challenges at the conceptual (introduced
extensions) and at the implementation level (the tool). To address the challenges
we currently implement tracing and debugging (C1-C2) and in the future we
want to integrate concepts of patterns and to collect and evaluate guidelines
for an efficient OCL library development (C3). Another open issues are impact
analysis, regression testing and refactoring support (C4).
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