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Abstract

This paper describes the approach to use ontologies
developed for use in Semantic Web technology in checking
the consistency of requirements specifications. Our focus
area is use of reasoning which the distinguishing feature of
OWL that separates it from other knowledge
representation class of languages a part of ontology. In the
first step, we transform the classes and properties (static) of
UML model and its constraints into problem ontology and
point out contradictions using ontology reasoning. The
contradictions that have been found indicate
inconsistencies. In the second step, we try to find mismatch
between the problem ontology coming from the UML
model that represents the requirements, and the domain
ontology, that represents the domain knowledge available
on web. However, a limitation of this approach is that only
the static part of model is checked and the dynamic part
cannot be represented in ontology.
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1. Introduction

Requirements specification is a is a complicated process and
usually takes time longer than expected. The goal is to describe
exactly what the user wants and needs. Any failure and mistake
in requirements specification is very expensive because it results
in the development of software parts that do not fit to the real
needs of the user and must be reworked later causing additional
costs. When the analysis phase of a project starts, analysts have to
discuss the problem to be solved with the customer (users,
domain experts). Then, they will note the requirements they
have found in form of a textual description. This is a form the
customer can understand. However, any textual description of
requirements can be (and usually is) incorrect, incomplete,
ambiguous, and inconsistent. Later, the analyst specifies a UML
model (Unified Modeling Language) [21] based on the
requirements description he has written himself. However, users
and domain experts cannot validate the UML model as most of
them do not understand (semi-)formal languages such as UML.
Misunderstandings between analysts and users are very
common and bring projects over budget.

Requirements are based on the knowledge of domain experts
and the users” needs and wishes. One possible way to represent
and classify this knowledge and then fashion it into a tool is
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through ontology engineering. Simplified, ontologies are
structured vocabularies (basic concepts in domain and the
relationships among them) and the possibility of reasoning.
Domain models play a central role throughout the software
development cycle, from requirements analysis to design,
through implementation and beyond. As such, great progress
has been made in the consistent use of models throughout this
process. Modern software development tools with support for
the UML and code generation as well as Model-Driven
Architectures allow for developers to synchronize and verify
technical implementation with user requirements using models.
Our paper focuses on the possibility of improvement
requirements specifications by incorporating domain
ontologies. We will introduce our concept that uses ontology
reasoning; present the implementation and discuss the
advantages in the conclusion.

Ontology technologies are frequently applied to many problem
domains nowadays. Because concepts, relationships and their
categorizations in a real world can be represented with
ontologies, they can be used as resources of domain knowledge.
The rest of the paper is organized as follows. In Section 2, we
discuss related work. In Section 3, we briefly explain why
ontology is the proper mechanism to be used in requirements
specification. Section 4 describes the architecture and
functionality of our consistency checking model. In Section 5, the
implementation of the component that represents our
approaches is given. In Section 6, we present evaluation of our
approach, Section 7 discusses limitations and the Section 8
contains conclusions.

2. Related Work

Using ontologies in the requirements engineering process is
clearly not a new idea. An ontology-based approach to
knowledge acquisition is discussed in [16], in [18], and in [3]. In
[22], they have constructed the Enterprise Ontology to assist
developers in having an enterprise-wide view of an
organisation. Such ontology could be used as our predefined
domain ontology. The approach in [16] is intended to automate
both, interactions with users and the development of application
models. The ontologies used by [29] in their Oz system are
domain models which prescribe detailed hierarchies of domain
objects and the relationships between them. Formal models for
ontology in requirements are described in different papers, e.g.,
in [15]. In [24], the UML model is enhanced with a formal
semantics and used for working with a use-case model and class
diagrams. In [25], an ontology model for requirements elicitation
for domain knowledge and domain rules checking is presented.
In [23], the inconsistency measurement is discussed. The
ontology used by the QARCC system [1] is decomposition
taxonomy of software system quality attributes. In [25], a formal
model of requirements elicitation that contains domain ontology
checking is discussed.

The concept used for consistency checking in the 1990s based on
the relationships between viewpoints and their problematic
interferences [4]. An overview about inconsistencies is given in
[5], in [26], and lately in [30]. However, there is not an approach
applying ontology in the sense of our way. Another approach is
a concept based on the semantics of dependency as described by
the UML specification. It will be used to describe the behavioral
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part of the UML model [19]. Other research checking behavioral
consistency is [20] or [9]. They are working with the dynamic
model.

3. Need for using Ontologies in Requirement
Consistency Checking

According to [23], the most popular definitions of “ontology” are
“formal explicit specification of shared conceptualization” and
“classifications of the existing concepts”. In this paper, domain
ontology provides semantic basis on requirements to be elicited.
More concretely, each statement representing a requirement (we
call it requirements statement) can be interpreted with
ontological elements and such ontology should include atomic
concepts that any stakeholders can commonly have in a problem
domain. OWL language element used to express such definitions
is called restriction. A restriction describes the class of all
instances that fulfill a specific condition on a property. There are
various types of restrictions in OWL. For example, hasValue
restriction which links a property to a specific individual. Other
restrictions limit the cardinality of a property, for example to
define the class of all things that have at least two values for a
specific property.

The key power of OWL is that classes can be defined by
combining multiple restrictions and other classes. For that
purpose, OWL provides logical operands to build intersections
(and), unions (or) and complements (not) of other classes. In
object-oriented systems, such statements would typically have
been hidden somewhere inside the code base itself. In Semantic
Web ontologies, the logical relationships are made explicit
through OWL class definitions and other formal statements.
Semantic Web applications usually exploit other tools to handle
and analyze OWL models. One family of such tools is called
reasoners. A reasoner is a service that takes the statements
encoded (asserted) in an ontology as input and derives (infers)
new statements from them. In particular, OWL reasoners can be
used to:

* Revealsubclass/superclass relationships among classes

*  Determine the most specific types of individuals

®  Detectinconsistent class definitions

Reasoning in ontology adds the inferential capabilities that are
not present in taxonomies which have been used for modeling so
far. It makes possible to search for contradictions that indicate
inconsistencies. The UML model includes a constraint part but it
has no mechanism for indicating contradictions in constraints.
When many UML models are considered, the resulting UML
model has no mechanism for indicating a discrepancy in the class
hierarchy. When we transform the requirements specifications
into a UML model (using TESSI in our case), we either have to
believe that the analyst understands the user’s needs perfectly
and is perfect in UML model building or we do not believe it and
to try to verify the UML model. Ontology engineering offers a
mechanism to discover contradictions in constraints and in class
hierarchies. To use it, it is necessary to transform the UML model
into an ontology which we call problem ontology.

In a specialized software house, developing for example
information systems for Education, domain ontology can be
constructed that represents the domain knowledge. Such
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domain ontology can be merged with the problem ontology of
the current project and the resulting ontology can be tested for
contradictions as described above. The contradictions that have
been found indicate inconsistencies in the requirements
specifications. The fact that it is not possible to test the dynamic
part of the UML model (the behavior part) is a disadvantage of
this approach. However, the methods of UML behavioral
consistency checking (in [20]) depend on formal semantics
methods and they are very complex.

Requirements are based on knowledge of domain experts and
users’ needs and wishes. One possible way to classify this
knowledge and then fashion it into a tool is through ontology
engineering. This way will be discussed in this report.
Ontologies can be seen as explicit formal specifications of the
terms in the domain and relationships among them. They care
for a shared understanding of some domain of interest. Such an
understanding can serve as the basis for communication in
requirements development.

Ontologies are a guarantee of consistency and enable reasoning.
Ontology-based requirements specification tool may help to
reduce misunderstanding, missed information, and help to
overcome some of the barriers that make successful acquisition
of requirements so difficult.

Simplified, ontologies are structured vocabularies having the
possibility of reasoning. It includes definitions of basic concepts
in the domain and relations among them. It is important that the
definitions are machine-interpretable and can be processed by
algorithms.

Why would someone want to develop an ontology?

Some of the reasons are:

e To share common understanding of the structure of
information among people or software agents.

e Toenablereuse of domain knowledge.

* Tomake domainassumptions explicit.

e To separate domain knowledge from the operational
knowledge.

Ontology research has primarily focused on the act of
engineering ontologies or it has been explored for use in domains
other than requirements elicitation, specification, checking, and
validation.

For an ontology being successfully used in requirements
checking, it has to have the following properties: completeness,
correctness, consistency, and unambiguity.

The intuitive meaningis:

e correctness means that the knowledge in the ontology does
not violate the domain rules that correctly represent the
reality,

* consistency means that there are no contradictory
definitions in ontology,

e completeness means that the knowledge in ontology
describes all aspects of the domain,

* unambiguity means that the ontology has defined a unique
or unambiguous terminology.

There are not obscure definitions of ontology concepts, i.e. each
entity is denoted by only one, unique name, all names are clearly
defined and have the same meaning for the analyst and all
stakeholders. Correctness and consistency are logical properties
that can be checked by some reasoning mechanism provided that
this mechanism works correctly.

This is what we can use for improving the quality of
requirements. After we have checked the correctness and
consistency of the corresponding domain ontology (domain
knowlegde), we can check whether the requirements
(transformed into an ontology) are correct and consistent
mutually, and correct and consistent to the given domain
ontology. Completeness is a complex concept. We know about
other kinds of completeness that are related to computing. For
example, logical completeness is a property associated with
combining a procedure for constructing well-formed formulas, a
definition of truth that relates to interpretations and models of
logical systems, and a proof procedure that allows new well-
formed formulas to be derived from old well-formed formulas. A
logical system is logically complete if every true well-formed
formula can be derived. Consistency is the other side to logical
completeness. In inconsistent systems falsity can be derived
because of an contradiction and any well-formed formula can be
derived as true. This is sure not what we want. A second kind of
completeness is computational completeness, which is a
property of a programming language. In our paper we are
focusing on the consistency property of requirement.

4. Approch for Requirment Checking

In this section, we will discuss our approach for consistency
checking and propose consistency checking model. There is a
gap between the requirements definition in a natural language
and the requirements specification in some semi-formal,
graphical representation. The analyst’s and the user’s
understanding of the problem are usually more or less different
when the project starts. The first possible point of time when the
user can validate the analyst’s understanding of the problem is
when a prototype is used and tested. We developed a method
that check for the possible instances of domain rule and
restriction violation and then produce a refined consistent set of
requirement.

Working with it, the analyst uses the grammatical inspection to
specify the roles of words in the text in the sense of object-
oriented analysis. During this process—shown in Fig. 1—a UML
model will be built driven by the analyst’s decisions.

To make the UML model obtained from analyst more accurate,
we have incorporated the semantic web technology in
consistency checking process. A model of our concept is shown
in Fig. 2. Using the experiences given in [25], we describe the
domain ontology in Prot’eg’e [28] and apply ontology reasoning
(e.g., the inference engine in HermiT [27] — for checking classes)
first for domain ontology checking, then for requirements
problem ontology checking, and at last for checking whether the
requirements problem ontology subsumes the domain ontology.
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Figure 1: Flow diagram for consistency checking

The steps of the requirements processing using ontologies are the

following:

¢ Build domain ontology using Prot’eg’e,

e check the domain ontology for consistency using Pellet and
Jess

*  The analyst writes a text description of requirements based
oninterviews with users,

e theanalystbuilds the UML model from a textual description
of requirements

e Convert requirements described as a UML model to a
problem ontology using converter UML20OWL called as
problem ontology,

*  Check the problem ontology for its consistency, merging the
problem ontology with the domain ontology and checking
them for consistency identifying inconsistency problems,

e Find the corresponding parts in the former textual
description of requirements and correcting them,

* building a new UML model based on corrected textual
description of requirements

e Follow theabovestep till no inconsistency is found

*  When no defects are found, use the refined requirement
ontology for further step of software development.

5. Evaluation

For experiments, we used the requirements specification of a
Education Provider that describes the functional requirements
forastudent management system.

A. Checkingwithrules

Let us consider this example for checking rules: There is a
relation “SetPaper” between classes Person and Student. But if
we model the class Student (additionally feature of enrollmentin
some Course) as a subset of the class Person, the student (as an
instance) could set paper for himself. This is usually not what we
want. Usually, we do not allow that a clerk in a bank can give a
loan to himself, we do not want a manager decide about his
salary, etc. The solution is that we do not allow some relations to
be reflexive in the domain ontology, e.g., the relation “SetPaper”.
Any problem ontology that does not contain the condition that a
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Student must not set a paper to himself will be found to be
inconsistent to the domain ontology.

This example can be checked in TESSI by modeling the two
classes Person and Student. We decide that a Student is a
specialization of a Person with additional possibilities to Enroll
inacourse. Then we define an association between these two and
name the direction from Student to Person “SetPaper”. After
that, we can use SWRL-Rules to describe the desired behavior.
The first rule we need will set the relation between every possible
Studentand Person pair:

STUDENT(?X) A PERSON(?Y) — SETPAPER(?X, ?Y)

The second rule will be used to check if any of the students is able
to set paper for himself:

SETPAPER(?X,?Y)) ASAMEAS(?X,?Y) ERROR(?X, “SELF")

Now, we can create a UML model based on our example and
then generate ontology with this content and load it into
Prot’eg’e. It will set up the “SetPaper” relationship for all Person
and Students and then test for Students that set paper for
themselves. The Inferred Axioms window in Prot’eg’e will then
list all possible errors so we can use this information to make
corrections to the UML model. In this case, we can remove the
subclass from User. During a further test, Jess will getno errors.

B. Checking with restrictions

The next example will show the possibility to check restrictions.
In our education system a student can appear in exam only if he
does not having more than five backlog paper that are pending.
So, the “AppearIn” relationship between student and exam
should be restricted. In our modeling tool we set Student and
Exam as association ends. The direction from student to Exam
will be labeled with ApperIn and has cardinality 0 to n, in this
example n is set to 5. Both classes, Student and Exam must have
set some equivalents in the domain ontology to access the
corresponding individuals later. To provide some test data we
need to add a constraint that fills the AppearIn relation:

Student(?x) * Exam(?y)  AppearIn(?x, ?y)

After converting the model to an ontology we use the SWRLTab
to infer the new axioms and then use Jess to include the new
knowledge into our ontology. Afterwards we can check the
results on the individuals tab in Prot’eg’e. It will indicate that the
defined restrictions are not fulfilled. Based on these observations
either the restrictions must be corrected or the test data is wrong
and the constraint for filling it must be adopted.

6. Limitations

One of the problems that occur is that the constraints of
requirements are described in OCL (Object Constraint
Language) which is stronger than SWRL (Semantic Web Rule
Language). The reason is that the computational complexity of
the reasoning, i.e., of the decision whether the system is correct
and consistent, may explode and we never obtain the result
guaranteed if the expressiveness of the used description logic is
too high. Hence, we can use only the subset of OCL that
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corresponds to SWRL. SWRL also offers only limited
possibilities to express rules. The formulas are based on first
order logic but can only contain conjunctions of atomic formulas.
There is no support for quantifiers or complex terms. SWRL also
can’t express negations, which requires the user to create
formulas on a special way and limits the expressiveness of SWRL
rules.

Another problem is the necessity to use individuals to process
SWRL rules. This requires adding several individuals of every
class to the domain ontology without knowing what rules will
later be modeled in TESSI. It also requires having meaningful
properties set to these objects. Otherwise it will not be possible to
validate the model with SWRL rules. On the other side, there are
hundreds of constraints in most UML models which we can
describe using SWRL, e.g., value ranges of attributes and other
not very complicated conditions. If we cannot describe a
constraint in SWRL, then the only consequence is that our
prototype cannot use it for checking.

7. Conclusions

We have shown that using ontologies supports consistency
checking which is critical to the process of requirements
engineering. Reasoning as a part of ontology discovers
contradictions in the class hierarchies and the constraints of UML
models and thereby helps in indicating inconsistencies. In the
introduction of this paper we stated the motivated questions.
Now, we can conclude

e It possible to improve requirements specifications by using
ontologies. We presented a concept and a tool that finds
contradictions and inconsistencies in UML models.

e Using ontologies, we can improve only those parts of the
UML model that can be transformed into ontologies. These
are the structural part (static part of the model-class
hierarchy) and the constraint part of the model. We cannot
improve the behavioral part (the dynamic part of the model-
state machine diagrams, sequence diagrams, etc.)

e Using our approach we can gain indications about
contradictions in class hierarchy and in constraints in the
problem ontology and indications about contradictions
between the problem ontology and the domain ontology
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