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Abstract
SPEM is MDA’s standard used to define software and sys-
tems development processes and their components. Un-
fortunately, its specification is semiformal, thus it is not
possible to make and to verify created language state-
ments with formal techniques such as the consistency or
satisfiability verification. In order to solve this insuffi-
ciency, we propose an approach to SPEM transformation
to the Semantic Web technical space that results into the
SPEM ontology creation. Additionally, we present three
approach’s utilizations that are: a SPEM model valida-
tion with ontology, an ontology based approach to project
planning and an approach to software project enactment
with a supplier.

Categories and Subject Descriptors
D.2.0 [General]: Standards; D.2.9 [Management]: Soft-
ware process models; I.6.4 [Simulation and Modeling]:
Model validation; K.6.1 [Project and People Manage-
ment]: Life cycle

Keywords
MDA, SPEM, OWL, Semantic Web, model validation,
project plan verification, software project enactment

1. Introduction
The software engineering is application of a systematic,
disciplined, quantifiable approach to the development, op-
eration, and maintenance of software [17]. Despite the
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fact that at present there exist many software develop-
ments process frameworks, the fact that relatively few
projects are completely successful is an indicator of the
difficulty of the task [19]. One of the problems is that
standard software development process frameworks are
usually used as a navigable websites that contain only
human-readable descriptions with supporting materials
as documents templates etc. Thus, these kinds of frame-
works cannot be used to represent machine interpretable
content [36]. Moreover, these process frameworks are used
in the technical spaces [20] that have model based archi-
tecture, such as MDA or EMF [34]. These kinds of tech-
nical spaces also limit knowledge based processing, owing
to their weakly defined semantics [9]. Moreover the dif-
ficulty of software development is greatly enhanced when
it is inevitable to cooperate with a supplier. The general
issue is to manage a lot of differences such as different
tasks, software work products, guidelines, roles etc [17].

1.1 Motivation
However, at present the emerging field of Semantic Web
technologies promises new stimulus for Software Engi-
neering research [12]. The Semantic Web is a vision for
the future of the Web, in which information is given ex-
plicit meaning, making it easier for machines to automat-
ically process and integrate information available on the
Web [21]. The today’s key Semantic Web technology is
OWL. It is intended to be used when the information
contained in documents needs to be processed by appli-
cations, as opposed to situations where the content only
needs to be presented to humans [2]. Thus if we transform
a definition of a software method to the Semantic Web
technical space, we can use many knowledge oriented tech-
niques to maintain them. In this work we address such op-
portunity. We use SPEM, the MDA standard used to de-
fine software and systems development processes and their
components [26]. We transform SPEM from the MDA
technical space to the Semantic Web technical space; so
we can work with SPEM as with an ontology. Based
on this transformation, we propose three approaches that
utilize created SPEM ontology in the context of selected
SWEBOK knowledge areas that are: model validation,
project verification and software project enactment with
a supplier [17].

2. State of the art
The thesis presents an approach to extending and utiliz-
ing the Software and Systems Process Engineering Meta-
model 2.0 with OWL-DL ontology. The subject is a SPEM
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Ontology development from the SPEM metamodel, thus
we present the definitions of the terms metamodel, model
and ontology first [23, 4, 7, 29, 10, 11, 14]. Further we
present SET domain ontologies that refer to the ontologies
whose main goal is to represent (at least partially) knowl-
edge of a certain subdomain within SET matter [22, 1,
15] and research works that concern with MDA combi-
nation with the Semantic Web [5, 13, 27, 9]. Finally, we
discuss three works that are closet to our work, since their
also intends to use SPEM in the Semantic Web technical
space.

The first work proposes to represent SPEM in DL [35].
The work creates mapping from MOF to DL and map-
ping from [24] constraints of SPEM to DL. The reason
for the former mapping is to represent the SPEM MOF
based metamodel with DL and the latter is to represent
additional OCL constraints that supplement the SPEM
metamodel with additional semantics.

The second work proposes SPEM process constraint def-
inition with the semantic rules with SWRL [31]. Note
that SWRL is W3C Semantic Web Rule Language that
combines OWL and RuleML [16]. The work introduces
that the most SPEM terms can be directly translated into
OWL. Additionally it states that the translation does not
aim at substituting the original model, because it serves as
a complement for adding reasoning and inference support
to SPEM based models. A prototype design of an engine
for process constraint verification is presented. The main
idea is to verify consistency between SWRL process con-
straints that can be obtained from the EPF Composer
and SWRL process constraints from a project plan.

Finally, the third work also intends to use SPEM in the
Semantic Web technical space. It presents a competency
framework for software process understanding [36]. The
motive is to create assessments for a correct understand-
ing of a process that can be used in a software develop-
ment company. The paper introduces creation of SPEM
software process ontology for the SCRUM [32] software
process with EPF Composer again. Consequently paper
presents generation of assessments that were generated
with the IMS QTI, and XML based e-Learning standard
with several examples.

3. Thesis objectives
As we have already stated in the motivation, we focus
on SPEM transformation to the Semantic Web technical
space and on concrete utilizations of such approach. Since
we have evaluated that the above mentioned proposals
have addresses to this area only partially, our objectives
are:

• to present the more comprehensive analysis of the
SPEM 2.0 Metamodel and the SPEM UML Profile
in order to create a SPEM OWL-DL ontology

• to create the more accurate ontology architecture
for SPEM 2.0 with respect of the SPEM metamodel
2.0

• to present and implement a utilization of created
SPEM ontology for a SPEM model validation

• to present and implement a utilization of created
SPEM ontology for a project plan verification

• to present and implement a utilization of created
SPEM ontology for a software project enactment
with a supplier

4. Transforming SPEM to the Semantic Web
technical space

The SPEM metamodel is MOF-based and reuses UML 2
Infrastructure library [32]. Its own extended elements are
structured into seven meta-model packages. Above these
packages SPEM defines three compliance points (CP)
which are: the SPEM Complete CP, SPEM Process with
Behavior CP and Content and SPEM Method Content
CP. The scope of our solution is covered with Compli-
ance Point ”SPEM Complete”. The reason of this compli-
ance point is because we need to use all SPEM elements,
where the most important are defined within the Method
Content package, the Process with Method package and
the Method Plugin package. The Method Content meta-
model package provides the concepts for SPEM users and
organizations to build up a development knowledge base
that is independent of any specific processes and devel-
opment projects. The Method Content elements are the
core elements of every method such as Roles, Tasks, and
Work Product Definitions. The second necessary meta-
model package that we need is the Process with Method
metamodel package. Process with Methods defines the
structured work definitions that need to be performed to
develop a system, e.g., by performing a project that fol-
lows the process. Such structured work definitions delin-
eate the work to be performed along a timeline or lifecycle
and organize it in so-called breakdown structures. Finally,
the third necessary package is the Method Plugin meta-
model package. The Method Plugin allows extensibility
and variability mechanisms for Method Content and Pro-
cess specification. It provides more flexibility in defining
different variants of method content and processes by al-
lowing content and process fragments to be plugged-in
on demand, thus creating tailored or specialized content
only when it is required and which can be maintained as
separate units worked on by distributed teams.

4.1 The transformation problem
Since we want to work with SPEM likewise with an on-
tology, we have to transform it from the MDA technical
space to the Semantic Web technical space. We can use
several approaches to do so [28]. Certainly we preferred
fully automatic approaches, but at last we have concluded
that this method is unrealizable. The first such approach
is a XSL transformation from the SPEM metamodel se-
rialized in XMI [25] directly to a SPEM ontology. But
even we had generated SPEM ontology classes with their
taxonomy taken from the SPEM metamodel, the fact is
that this approach was not sufficient, because the gener-
ated ontology does not contain all necessary information.
The biggest problem was to identify relationships used
for SPEM models specification, hence for object proper-
ties necessary for a SPEM ontology either. To be more
concrete, Figure 1 shows an excerpt of the SPEM meta-
model that defines several Method Content elements and
their relationships.

The figure depicts that the Default Responsibility Assign-
ment element is a metaclass associated with the Work
Product Definition metaclass and the Role Definition
metaclass. But from this metamodel it is impossible to
find out, that the Default Responsibility Assignment is
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Figure 1: Excerpt of Method Content elements
and their relationships

an association between the Role Definition and the Work
Product Definition in a SPEM model. Thus it was impos-
sible to transform this element to an object property in
the transformed SPEM ontology. Moreover, it was also
impossible to find out, what element should be the do-
main and the range of this relation. What we need is to
have SPEM in such form that defines its syntax either.
To do so, we can use the XMI form of the SPEM UML
Profile that fulfills exactly this requirement. This time,
it was possible to identify a relationship, since such ele-
ment extends the Association or Dependency metaclasses.
But again, it was impossible to identify the domain and
the range of a relation. Moreover, even the stereotypes
are structured in the taxonomical hierarchy likewise in
the SPEM metamodel, some of them are bypassed. For
example, the Method Content Use stereotype is omit-
ted, thus the Task Use stereotype is generalized from the
Breakdown stereotype directly. The reason is because the
SPEM UML Profile does not need the full taxonomy, be-
cause in general, the purpose of a UML profile is to pro-
vide concrete language elements to create a model rather
than represent semantics [3].

However, it was finally certain, that the full automatic
approach of the SPEM ontology was not possible. As we
have already mentioned, some elements are missing in the
SPEM UML Profile. Nevertheless, they are essential from
the ontology point of view. For example, a reason can be
to assert a common axiom to a parent element only once,
rather than multiple times to its all child elements. The
motive is to have as simplest definition of the ontology
as possible, because the more simple ontology the better
is its maintenance. Since the missing Method Content
Use stereotype is the key concept for realizing the sepa-
ration of processes from method content, it is mentioned
in the SPEM specifications and in our work very often.
Therefore it is very essential to have it in a SPEM ontol-
ogy also, because one of the main ontology purposes is to
define all essential concepts from a domain that an ontol-
ogy describes. Other problem we have addressed in the
SPEM UML Profile is that its XMI serialization does not
included the keywords of the stereotypes that are used
for a stereotype presentation. Since our objective is to
use the commonly accepted concrete notation for SPEM
elements, we found additional reason to abandon just au-
tomatic generation of a SPEM ontology.

4.2 Solution
Based on previous facts we have decided that our ap-
proach of a SPEM ontology creation will be semiauto-
matic. The automatic part was used to generate ontology
classes with their taxonomy. If the SPEM metaclass was
neither a relationship nor package, we have transformed it
to ontology as class. Such information was acquired from
the SPEM UML Profile, since every stereotype is defined
with a metaclass that it extends. Note that a package
metaclass element is transformed to an ontology since the
purpose of both concepts is to group elements into logi-
cal units [6]. So, we have generated full taxonomy of the
SPEM metamodel classes that constitute the SPEM on-
tology. Many of the OWL classes were initially abstract
metaclasses, thus not aimed for a SPEM model specifica-
tion, but they are essential for purposes of ontology, as we
have already mentioned. Several SPEM ontology classes
are depicted in Figure 2.

Figure 2: Excerpt of the generated SPEM ontol-
ogy classes represented with the Ontology UML
Profile

The second step that had to be done was to create the
relationships, i.e. object properties, between the ontology
classes. Seeing that we have presented in previous that it
is impossible to obtain them automatically, we had to es-
tablish them manually. Keywords of stereotypes instead
of stereotypes names were used to create object proper-
ties. Additionally it was necessary to set their domains
and ranges, where we used the SPEM metamodel spec-
ification. Figure 3 presents an excerpt of created object
properties.

So, in the previous, we have presented the transformation
of the SPEM metaclasses and their relationships to the
SPEM Ontology. The created ontology provides the con-
cepts for a SPEM method ontology and also for a SPEM
process ontology. Thus we have transformed the Method
Content metamodel package together with Process with
Method metamodel package to the Semantic Web techni-
cal space.

The last metamodel package that had to be transformed
was the Method Plugin metamodel package. The SPEM
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Figure 3: Excerpt of the SPEM ontology object
properties represented with the Ontology UML
Profile

metamodel states, that a Method Plugin package contains
a Method Content package and the Process package. By
other words, a Method Plugin is a Package that repre-
sents a physical container for Content and Process Pack-
ages. It defines a granularity level for the modularization
and organization of method content and processes. A
Method Plugin can extend many other Method Plugins
and it can be extended by many Method Plugins. Like-
wise as a package from MDA is transformed to an on-
tology, the Containment or Import relation in the MDA
technical space can transformed to the Import relation in
the Semantic Web technical space.

Finally, we can evaluate our approach in short. Since we
have merged the SPEM metamodel to the SPEM UML
Profile, we have created an extended SPEM UML Pro-
file in matter of fact. Hence the mapping between the
created Extended UML Profile and UML Ontology Pro-
file was established; therefore the SPEM Ontology can be
represented with the Ontology UML Profile as it is shown
in Figure 2 and Figure 3. Since the hallmark work [9]
proposes the transformation of a MDA standard to the
Semantic Web technical space with a mapping between
UML Ontology Profile and an arbitrary UML Profile, we
conclude that we created the solution that is conformable
to this approach.

5. An Approach to Ontology Oriented SPEM
Models Validation

In order to enable a SPEM method content model and
a SPEM process model validation, we decided to create
reusable engine that will be the base engine for every
our further SPEM utilizations. Since the key models of
the SPEM are the method content model and the pro-
cess model, the engine should work with these models
inevitably. We have already presented the SPEM Ontol-
ogy creation in Section 4, thus only a transformation of
a SPEM method content model to a SPEM ontology and
a SPEM process model to a SPEM process ontology has

to be created. Consequently we have to present an OWL
DL based engine that can reason with all these three on-
tologies. To accomplish this task, we have a several pos-
sibilities which we discuss in following text.

The first possibility is to use a SPEM method ontology
and a SPEM process ontology as the instances of the
SPEM Ontology. The second possibility is to state a
SPEMmethod ontology as the specialization of the SPEM
Ontology and a SPEM process ontology as the instance of
a SPEM method ontology. Likewise as a method content
model is separated from its use in the process, the model
level is separated from its instance in this second possibil-
ity. Thus a software process is the instance of a software
method. Note that the Content Trace object property
is not necessary, because is replaced by the Instantia-
tion relation. The third possibility is to use a SPEM
method content as the instance of the SPEM Ontology,
and a SPEM process ontology as the instance of a SPEM
method ontology.

However, all of these three possibilities are technically cor-
rect, but all of them are unsuitable for purposes of this
work. The first problem is that we want to use OWL DL
reasoning, because this dialect of OWL retains computa-
tional completeness, i.e. all conclusions are guaranteed to
be computable and decidability, i.e. all computations will
finish in finite time [8]. Therefore the third possibility that
we have mentioned must be excluded in instant. But why
even the two others proposed possibilities are unsuitable?
The reason is because both of them do not count with real
individuals of a real development project. It is evident
that a requirement specifier is a real person, ”Samuel Fox”
for example, than the Role Use ”Requirements Specifier
Use”. By other words, an additional instance level for real
individuals is needed, but it will cause the unconformity
with the OWL DL reasoning again. To avoid this prob-
lem, we can state that a SPEM process model represents
the instance level, rather than class level. But even this
solution is insufficient. The first problem is that a SPEM
process model is not intended to represent concrete indi-
viduals, thus the change of the SPEM metamodel should
be made to redefine the SPEM process semantics in order
to use this solution. Additionally in a real project, con-
crete resources (e.g. ”Samuel Fox”) are assigned much lat-
ter than an appropriate SPEM process is selected. Hence
even this solution is unusable.

5.1 Solution
Based on previous facts we have realized we need a solu-
tion that addresses to all mentioned problems. Solution
must to enable to validate the SPEM Ontology, a SPEM
method ontology and a SPEM process ontology. It also
must be extendable with the individuals from real projects
(e.g. obtainable from a project plan) and finally, the so-
lution must be OWL DL conformable. An approach that
fulfills to all these requirements is that a SPEM method
ontology will be the specialization of the SPEM Ontol-
ogy and a SPEM process ontology will be the special-
ization of the SPEM Ontology either. Figure 4 depicts
the presented solution from the MDA and the Seman-
tic Web point of view. It shows the mapping between a
SPEM metamodel element and a SPEM ontology class,
between a SPEM method content model element and a
SPEMmethod ontology class and finally between a SPEM
method content use model element and a SPEM method
content use ontology class.
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Figure 4: Mapping between elements of SPEM in
MDA and SPEM in the Semantic Web in the con-
text of the Approach to SPEM Models Validation
with Ontology

Since we have resolved the problems that we have stated,
we can continue to define the engine for a SPEM model
validation. The engine should be usable for two scenarios,
a SPEM method content model validation and a SPEM
process model validation. To do so, the mandatory condi-
tion is to transform both models from the MDA technical
space to the Semantic Web technical space. This require-
ment is not hard to accomplish because an UML model
transformation even extended with arbitrary UML Profile
can be transformed to a XMI serialization [18].

All we need is to create a transformation from a serialized
SPEM method content model and from serialized SPEM
process model to the SPEM method ontology and SPEM
process ontology. Due to these requirements, we have cre-
ated XSL transformations SPEMMethodContent2OWL
and SPEMProcess2OWL. The former transforms
a method content model serialized in XMI to a SPEM
method ontology, and the latter transforms a SPEM pro-
cess model to a SPEM process ontology. Since we have
created the SPEM Ontology already, the OWL DL rea-
soning can be executed with an OWL DL reasoner. If the
reasoning process contains only the SPEM Ontology and
a SPEM method ontology, then the first SPEM model
validation scenario is accomplished, or if a SPEM process
ontology is additionally included, then the second SPEM
model validation scenario can be executed. If the reasoner
finds the inconsistency, its source should be removed. The
engine for a SPEM model validation is depicted in Figure
5.

6. Solution
Our approach of the ontology based project plan verifica-
tion fully reuses the previously presented ontology based
SPEM model validation. The main extension is that the
individuals from a project plan are also included for the

Figure 5: An approach to ontology oriented
SPEM models validation

reasoning process. A project planning system usually sup-
ports creation of a project plan using the breakdown el-
ements, such as phases, milestones, tasks, roles etc. The
purpose is to decompose them to the atomic elements
that can be executed by or assigned to a project mem-
ber. This is the reason, why the SPEM Method Con-
tent Use metaclasses are specialized from the Breakdown
metaclass. The child classes of the Method Content Use
metaclass are theWork Product Use, the Role Use and the
Task Use. Therefore the enactment of a project plan with
a SPEM process definition has to create the instantiation
relation between method content uses elements included
in a project plan and method content uses elements that
constitute a SPEM process ontology. Thus, our approach
is fully conformable with the SPEM architecture that ex-
plicitly states a process enactment with the project plan-
ning systems through the instantiation relation. From
the ontology point of view the elements obtained from a
project plan are the individuals of a SPEM process ontol-
ogy.

So, the previous engine for a SPEM model validation is
reused and simply extended with individuals, which can
be obtained from a project plan. Therefore the engine for
project plan verification includes several additions than
the engine for a SPEM model validation. First addition is
a XSL transformation MPP2OWL that generates SPEM
process instances that constitute project plan ontology
from a XML format of a project plan. Second addition is
the XSL transformation SPEMProcess2OWL that trans-
forms XML format of a project plan to a SPEM process
model. Note that this transformation could be bidirec-
tional, thus it is possible to generate project plan from
a SPEM process model also. Since the scope of SPEM
is purposely limited to the minimal elements necessary to
define any software and systems development process, the
SPEM metamodel does not include elements such as Iter-
ation, Phase etc. The reason is because not every software
development process needs to have iterations for example.
Therefore we had to extend the engine for a project plan
verification with the SPEM Base Plugin either. The en-
gine that supports the ontology based project generation
and verification is depicted in Figure 6.
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Figure 6: The engine for ontology based project
planning

7. An Approach to Software Project Enactment
with a Supplier

Our approach to software process enactment with a sup-
plier is based on OWL DL verification with a set of dif-
ferent method plugins, which represent different meth-
ods and processes of a company and its supplier. When
the result of the OWL DL verification is inconsistency,
it means that a project cannot be enacted with a sup-
plier and the source of inconsistency should be removed.
Therefore the necessary condition to use this method is to
have company’s and supplier’s software process specified
with SPEM models. Additionally, this approach can be
used to other scenario than the software project enact-
ment with a supplier that is the precise evaluation of the
relationships between standard software processes such
as RUP with Microsoft Solution Framework for example.
Even this is out of scope of this work we wanted to point
on it, since it is very interesting topic. The substantial
part of the engine for a project enactment with a supplier
is depicted in Figure 7.

The approach consists of several major steps. First it is
necessary to transform the both method plugins to the
ontologies. Since a Method Plugin is constituted with
a Method Content and a Process we can reuse our pre-
viously defined XSL transformations SPEMMethodCon-
tent2OWL and SPEMProcess2OWL to create desired on-
tologies. A method plugin 1, i.e. company’s method plu-
gin is transformed to a SPEM method content ontology 1
and a SPEM process ontology 1, whereas a method plugin
2, i.e. supplier’s method plugin is transformed to a SPEM
method content ontology 2 and a SPEM process ontology
2. Second it is necessary to create mapping [8] between
the elements of these ontologies, because some of them
are usually related. To create mapping, the relationships
such as sameClassAs, subClassOf, isEquivalentWith, sub-
PropertyOf or samePropertyAs can be used. Finally, the
OWL DL validation is executed to verify consistency be-
tween the both method plugins.

Figure 7: The engine for software project enact-
ment with a supplier

8. Implementation
We have used the Protégé [30], a free open source ontol-
ogy editor and knowledge-base framework with the Pel-
let[33], an open source OWL DL reasoner that support
standard reasoning capabilities such as the consistency
reasoning, satisfiability verification, classification and ver-
ification. These capabilities were necessary for our ap-
proaches implementation which we have created. The
consistency reasoning was used to verify whether the on-
tologies used in our approaches are consistent or not. The
concept satisfiability was helpful to ensure that created
SPEM content or process model can be really used. See-
ing that the unsatisfied classes cannot have individuals, it
means that a reality based on a SPEM model cannot ex-
ist. The classification was also very important because an
ontology class must to adhere to all axioms stated with its
superclasses. Finally either the realization was necessary,
due to ensure that an individual adheres to all axioms
stated with its all classifiers on the one hand, and that an
individual has inferred just its desired classifiers on the
other hand.

9. Conclusion
The state of art presented in this thesis was divided to
the three major groups. The works that concern with on-
tologies in software engineering in general constitute the
first group. The works that concern with the usability of
ontologies in the MDA technical space constitute second
group. Finally, the works that are closest to our work,
which focus on the utilization of ontologies for SPEM
constitute third group. Hence the evaluation of the the-
sis’ contributions is primarily focused against this group.
When we compare our work with these works, we con-
clude that we have created

(a) the more comprehensive analysis of the SPEMmeta-
model and the SPEM UML Profile in order to create
a SPEM ontology than every mentioned work
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(b) the more accurate ontology architecture for SPEM
with respect to the actual SPEM metamodel than
every mentioned works

(c) the additional ontology based approach to SPEM
model validation with implementation

(d) the more accurate ontology based approach to a
project plan verification with implementation than
the first and third work

(e) the additional ontology based approach to software
project enactment with a supplier with implemen-
tation

Explanation:

• The reason of (a) is because the second and the
third work did not analyze the SPEM metamodel
with concern of creating an ontology of SPEM as
comprehensive as we did. The second paper depicts
just an excerpt of the SPEM metamodel and con-
cludes that ”the most SPEM terms can be directly
translated into OWL”. Third paper does not dis-
cuss SPEM metamodel at all. First work has that
intention, but unfortunately the paper is outdated
and concerns with the SPEM metamodel version
1.1, that did not support the separation of method
content from process; and on the contrary, the pa-
pers proposes transformation of SPEM metamodel
constraints in OCL to the ontology, but the actual
SPEM metamodel does not support OCL anymore

• The (b) is implied from (a)

• None of the works have presented an approach to
neither a SPEM method model nor a SPEM process
verification with a SPEM ontology, hence the (c) is
true

• Just the second approach has concerned with the
project plan verification with a SPEM ontology.
Even (a, b, c, e) are true we cannot to say that
our approach of project plan verification is more ac-
curate (with respect of SPEM metamodel), rather
is more comprehensive. If we focus only on the sub-
stantive part of the approach, the second work uses
instantiation relation between project plan and a
SPEM process either, thus it conforms to the project
plan enactment with a SPEM process as it SPEM
defines. Moreover, the approach proposes use of
SWRL that add rules to the reasoning process. Thus
we conclude that the approach proposes reasoning
with advanced expressiveness.

• None of the presented works have concerned with
the reasoning of more method contents or processes,
thus (e) is true either
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