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Abstract 

The role played by information in organizations is becoming increasingly important, since it is becoming clear 

its relevance as a basic background for Enterprise Architecture design and engineering. This is materialized in 

the Information Architecture, which represents the main information support for organizations, depicting and 

defining how is information defined and related among their environment. This architecture needs to be stable 

and consistent, since it is the main focus when organizations develop and manage their Information Systems. 

The way that this architecture is defined is still not well defined, since there are no major methodologies to apply. 

These architectures are actually developed taking in consideration the particular requirements for each 

organization, meaning that there are reference methodologies to be followed. The Portuguese Public 

Administration, being aware of that fact, wants to be well prepared regarding the information context, having a 

consistent Information Architecture to be used as a reference. Our work was initially framed in the development 

of such a Reference Information Architecture for the Portuguese Public Administration. However, and due to the 

lack of concrete methodologies to define the Information Architecture, we re-assigned our objectives in order to 

address this particular problem. Basing our approach on the Enterprise Ontologies theme, and using DEMO 

methodology as a starting point, we propose a methodology for defining the Enterprise Information Architecture. 

This methodology includes some major steps, including (1) applying the DEMO methodology in order to obtain 

its State Model, (2) applying two different mapping schemas (including ORM to UML mapping), in order to 

transform that State Model into an UML model, and (3) applying some complementary steps to adjust that UML 

model to an Information Architecture model. The proposed methodology is applied and discussed using two 

study cases. The first one is based in the related literature, and the second is framed in the Portuguese Public 

Administration context, in particular with the Balcão Perdi a Carteira service. 

Keywords: Enterprise Architecture, Information Architecture, Information Entities, Attributes, Relationships, 

Enterprise Ontologies, DEMO, Transactions, Data Modeling Mapping 
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Resumo 

O papel da informação nas organizações tem-se vindo a tornar cada vez mais importante, devido ao facto da sua 

importância enquanto suporte fundamental para o desenho e engenharia da Arquitectura Empresarial. Tal facto é 

concretizado na Arquitectura de Informação, a qual representa o principal suporte de informação para as 

organizações, definindo e detalhando como é que esta informação definida e está relacionada no contexto do seu 

ambiente. Esta arquitectura necessita de ser estável e consistente, dado que é o principal foco de referencia no 

desenvolvimento e manutenção dos Sistemas de Informação. A forma como esta arquitectura é desenvolvida 

ainda não está claramente definida, uma vez que não existem metodologias para aplicar. Estas arquitecturas são 

actualmente desenvolvidas tendo em conta os requisitos particulares de cada organização, o que evidencia a falta 

de metodologias de referência a serem seguidas. A Administração Pública Portuguesa considera também este um 

factor determinante, pelo que quer garantir que está adequadamente preparada no contexto informacional, 

pretendendo ter uma Arquitectura Informacional de Referência. O nosso trabalho estava inicialmente enquadrado 

no desenvolvimento desta arquitectura de referência. No entanto, e dada a falta de metodologias concretas para a 

definição da Arquitectura Informacional, os objectivos foram revistos no sentido de abordar este problema. 

Baseando a nossa abordagem nas Ontologias Empresariais, e usando a metodologia DEMO como ponto de 

partida, propõe-se uma metodologia para a definição da Arquitectura Informacional. A metodologia proposta 

inclui alguns passos fundamentais, entre os quais se inclui (1) a aplicação da metodologia DEMO até se obter o 

State Model, (2) aplicar dois mapeamentos específicos (incluindo um mapeamento entre ORM e UML), de 

forma a transformar o State Model num modelo UML, e por último (3) a aplicação de passos complementares de 

forme a ajustar este modelo UML para um modelo de uma Arquitectura Informacional. A metodologia proposta 

é aplicada e discutida com base em dois casos de estudo. O primeiro é baseado num exemplo da literatura 

relacionada, enquanto que o segundo está contextualizado no seio da Administração Pública Portuguesa, em 

particular com o serviço Balcão Perdi a Carteira. 

Palavras-chave: Arquitectura Empresarial, Arquitectura Informacional, Entidades Informacionais, Atributos, 

Relações, Ontologias Empresariais, DEMO, Transacções, Mapeamento de Modelos de Dados 
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Notation 

During this report we use several notations that intend to stress some aspects that we think it is important for the 

reader to be alerted to. We will now refer to each of these notations, describing how it is presented and what we 

intend to depict. 

[Important Statement] 

The blue boxes refer to important statements that we want the reader to notice, since they contain more relevant 

information or sum up an important idea. 

 

[Definition] 

The gray boxes refer and depict an important definition. These boxes are used in the related work section, 

especially when we address the theoretical background. These boxes sum up the most important theoretical 

definitions that support our work. 

 

on … 

 if… 

 …  

fi 

no 

The white boxes represent extracts from the pseudo-code used in a particular part of the solution proposed for 

this work. The pseudo code is placed inside these white boxes in order to differentiate from the rest of the body 

text.  
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Chapter 1: Introduction 

Everything must have a beginning… 

And that beginning must be linked to something that went before. 

MARY SHELLEY 

 

 

espite the awareness that we live today in an information society, in many organizations information 

is still not well managed, to the organizations cost in terms of errors and inefficiencies, and to its 

clients in terms of quality of service (Martin, Dmitriev, & Akeroyd, 2010). Executives are 

increasingly frustrated with their inability to quickly access the information needed to make better 

decisions and to optimize their business (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & Schroeck, 2010). 

These are some of the problems that stress the relevance of Information Architecture as a top discipline towards 

the improvement of information management, since it can be viewed as a structured set of multidimensional 

interrelated elements that support all information processes (Watson, 2000). Chief Information Officers (CIOs) 

and business leaders are starting to take a careful look inward to see how their own Enterprise Information 

environment is evolving, in order to face some of the existing information challenges such as the absence of a 

central Enterprise Information vision or infrastructure (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & 

Schroeck, 2010).  

The highest-level Information Architecture is usually very similar among organizations from the same business 

area (Inmon, 2000), which allows the development of Reference Information Architectures among organizations. 

The information entities in that high-level architecture are refined taking into account their physical 

implementation into lowest-levels entities. This architecture might be viewed as a preliminary design of the 

information model to be implemented in a database (Vasconcelos, 2007). Such reference architectures provide a 

proven template for architecture for a particular domain or area of application that contains the supporting 

artifacts to enable their use (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & Schroeck, 2010). 

The Portuguese Public Administration is not an exception in this context, since the amount of information that it 

deals with is usually larger and dispersed. As stated by (EORG@AP Group, 2005), the ontology, security, 

accessibility and reliability of the information entities is one of the listed issues that need to be regulated at the 

Public Administration’s Enterprise Architecture. Moreover, information entities are part of the independent 

D 
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components in the Enterprise Architecture, since they represent all the human resources, material and immaterial 

involved in the activities performed (EORG@AP Group, 2005). All those facts lead us to need for the 

Portuguese Public Administration to have an Information Architecture that describes the information entities that 

underlie the business processes execution (Vasconcelos, 2007). 

Along with the Information Architecture theme, we introduced a ‘second parallel world’ to this work context. 

From the Enterprise Engineering notion for enterprises as designed, engineered and implemented systems, two 

core notions are introduced, as addressed by (Dietz & Hoogervorst, 2007): ontology and architecture. From those 

two, the Enterprise Ontology notion is defined, as a new understanding of enterprises, focused on their essence, 

rather than its actual appearance (Dietz & Hoogervorst, 2007). 

In order to address the information problem among enterprises, we propose to contribute to the development of 

Reference Information Architecture to the Portuguese Public Administration. In particular, we intend to do so by 

proposing a methodology to define the Enterprise Information Architecture, identifying and describing the 

Information Entities that express its interaction with citizens and enterprises, based on their life cycle. This 

methodology aims to be the first step in the development of Reference Architecture. Furthermore, and taking in 

consideration the ‘second parallel world’ introduced, this new proposed approach to the formulation of such 

Information Architecture considers the essence, coherence, consistence, completeness and objectivity. This new 

approach is based on the Enterprise Ontologies theme, and we intend to define a new methodology for defining 

the Enterprise Information Architecture, using the capabilities from the DEMO methodology, which is, in turn, 

based on Enterprise Ontologies. 

1.1 Motivation 

Regarding the information context, the related literature stresses two important issues that should be taken in 

consideration (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & Schroeck, 2010): the actual growth of 

information volume, variety and velocity among enterprises; the inability for executives to quickly access the 

information needed to make better decisions and to optimize their business. A third major issue regarding the 

importance of Information Architecture is its relevance when defining the architecture of an Information System. 

For instance, the Business Systems Planning is an actual example of such importance, since this methodology 

has a great focus on the Information Architecture. Considering the Information Architecture as a solution to 

manage such problems, the literature also denotes that there are few standards to define it, since there are no 

organization or process for creating and sustaining the Enterprise Information Architecture. Actually, besides the 

best practices followed by the advisory enterprises, we were only able to find methodologies for defining the 

Information Architecture embedded in methodologies for defining the Enterprise Architecture, with no further 

specialization, such as the Enterprise Architecture Planning (Spewak & Hill, 1993). 

Focusing in the Portuguese Public Administration context, we might also ascertain those issues, and we have 

found an initial effort to define such Reference Information Architecture to better manage information. However, 

this Information Architecture is still embryonic, and needs to be developed in such a way so it describes the 
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interaction between Public Administration and citizens/enterprises as reliable as it is possible. Also in the 

Portuguese context we have faced the lack of specific methodologies for developing the Enterprise Information 

Architecture. This sense, we found the need to firstly have a methodology for defining this Information 

Architecture, and then extrapolate it to develop Reference Architecture. This perception allowed us to have a 

much more concrete motivation for our research, since the problem regarding the existence of a Reference 

Information Architecture for the Portuguese Public Administration was more extensive that one could think in a 

first analysis. 

Along with the information context, the Enterprise Ontologies context is also part of the motivation for this work, 

since it is becoming quite important among the enterprises design. It is able to give us a formal and explicit 

specification of a shared conceptualization among a community of people of an enterprise. Due to its aim to 

represent enterprises, the Enterprise Ontologies theme fits perfectly in the core background theme of this work, 

which is the Enterprise Architectures, presenting a new and fresh approach to it. This is a world that is still in 

development and implementation, which represents an opportunity to reformulate the way of thinking about 

Enterprises analysis. Taking in consideration those ideas, the Enterprise Ontology theme represented a great 

motivation to consider together with the information context previously described. Due the need for us to define 

a methodology to develop the Information Architecture, we found the Enterprise Ontology has a concrete 

theoretical support for a new proposal. 

Taking together both this motivations (the lack of Information Architecture methodologies and the capabilities of 

Enterprise Ontology) we gathered a more complex motivation for this research, but also having a greater support, 

especially taking in consideration the benefits to be gained by merging those two worlds. 

1.2 Document Structure 

This document, which fully describes this thesis, is structured within parts, which include numerous chapters. As 

Figure 1.1 depicts, there are five main parts, including all the eleven chapters. 

 

Figure 1.1 – Document outline 

The fist part, the Context, provides the reader an introductory notion of the thesis context, describing the problem 

that was considered, and the main statement that this research introduces. 
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The second part, Findings, include all the related work regarding the themes that are covered by this work, 

including (1) the theoretical background, including the most important theoretical definitions, and (2) the state of 

art, which includes aspects related more to practical aspects. 

The third part, Solution Design, which describe the solution that is proposed by this thesis, both in theoretical 

and practical terms. 

The forth part, Validation, depicts a set of proofs to verify and validate the solution proposed. This includes the 

description of a practical case that was performed. 

The fifth part, Final Remarks, address the conclusions regarding the results obtained in this research. It also 

depicts a concrete discussion about the answers to the scientific questions initially set for this work, and a 

reflection about the future work in this context. 

The sixth part, the Attachments, include a set of attachments that we defined not to include in the main body of 

the report. This is essentially due to their extension and detail. 

1.3 Summary 

In this first chapter we have introduced the reader to the research that gave rise to this report. After this chapter 

the reader might be able to understand the big picture regarding the general objectives and achievements 

underlying the development of this work. 

We have initially given a general contextualization about the origin of this work. Then we presented the reader 

with the main contributions that we intend to achieve with the results of our research. We have also presented 

and detailed how this document is organized, both considering its parts and chapters, giving an overview of the 

themes covered in each segment. 
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Chapter 2: Thesis Problem 

We cannot solve problems by using the same kind of thinking we use when we create them. 

ALBERT EINSTEIN 

 

 

rior to understand what is proposed in this thesis is vital to describe what are the problems that were 

identified and defined as a consequence of the motivations described above. These problems were the 

basis for all the work developed, since the research was guided by the aim of getting answers to the 

questions regarding those problems. 

This sense, in this chapter we firstly describe the problem for this thesis, clearly defining the scientific questions 

that are subjacent to that problem. We then address the context of this work, both in the academic and enterprise 

context, which are two parallel realities that had to be considered. 

2.1 The Problem 

In order for the reader to understand the purpose of the work developed during this research, it is vital to firstly 

understand what is the problem that we propose to solve. The definition of such problem is important due to the 

wide spectrum of more specific problems in this area, and consequently the wide spectrum of solutions and 

proposals that could be proposed to solve them. This sense, and taking in consideration the contextualization 

gained by the research and analysis of related work (described forward in the document), it was necessary to 

strictly materialize which direction this work would follow. 

The priori main objective for this work was to define a Reference Information Architecture that enables the 

whole Public Administration to have a clear and objective basis that can be used to develop any project that 

needs information from the interaction with citizens/enterprises. More narrowly, it was intended to understand 

and clarify what are the most relevant information entities that characterize this interaction. However, during this 

research, we found an earlier problem with the development of such Reference Architecture. 

In order to understand how the Information Architecture should be defined, we were able to identify that the 

related literature showed no specific methodologies with this purpose. This fact leads us to a more specific 

P 
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problem, related to this lack of Information Architecture methodologies. This sense, we determined to refocus 

our main problem in this theme, before we could actually advance to the development of Reference architecture. 

As it was previously referred, the methodologies that are actually followed are essentially based in the best 

practices suggested by the advisory enterprises for each specific case, and in some Enterprise Architecture 

methodologies, which include a minor part regarding the information context. Despite this methodologies, we 

were able not to found specialized approaches for defining the Information Architecture. 

Taking in consideration this new problem, we decided to follow a path that included the introduction of another 

theme regarding the organization’s modeling, which is the Enterprise Ontology. This relatively new discipline 

has fundamentally been developed by Professor Jan Dietz1, especially in the context of enterprise engineering, a 

new point-of-view towards enterprises, its design and architecture. Considering our ‘new problem’ and this 

discipline, our problem has focused on the connection between Information Architecture and Enterprise 

Ontology, in order to achieve a methodology to develop Information Architectures. This sense, the main problem 

that supports this thesis might be summed up as 

[Thesis Main Problem] 

How might Enterprise Ontologies be used in order to create an Information Architecture? 

More narrowly, this problem is focused in a particular materialization of the Enterprise Ontology theme, namely 

the DEMO methodology. The problem was then focused in the understanding of how DEMO methodology 

might be used to develop Information Architecture. 

2.2 Scientific Questions 

According to the problem described, we were able to define a set of scientific questions, which would serve as a 

motivational basis for the work developed in this thesis. The questions are 

[Scientific Question I] 

How might Enterprise Ontologies be used for an Information Architecture definition? 

 

[Scientific Question II] 

How might DEMO methodology be used as part of a methodology to develop an Information Architecture? 

 

 

                                                             
1 For more information about Professor Jan Dietz, see http://www.st.ewi.tudelft.nl/~dietz/  
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[Scientific Question III] 

How might Information Entities be identified based on transactions that support Enterprise Ontologies? 

In practice, all the development and subsequent execution results that derive from this work aim to answer these 

questions. They are the more detailed specification of the motivations for this thesis, and intend to clearly define 

the objective for the research. 

2.3 Main Contributions 

Based on the problem and scientific questions described above, we intend this thesis to effectively contribute to 

the development of both the Information Architecture and Enterprise Ontology themes, especially among the 

Portuguese Public Administration. This sense, we aim such contributions by: 

• Stressing the importance of having a methodology for defining the Information Architecture; 

• Developing a methodology to define the Information Architecture; 

• Define how the Enterprise Ontology theme can be interconnected with the Information Architecture 

development; 

• Define how the DEMO methodology can be used to develop an Information Architecture; 

• Discuss how a Reference Information Architecture can be developed based on a methodology for 

defining Information Architectures. 

2.4 Thesis Context 

Having defined the problem, the scientific questions and the main contributions that this research intends to 

address, it is now important to frame it in both the academic and enterprise context. This description and 

distinction is important, in order for the reader to understand the contributions that are associated with each 

context, and how they are related to the scientific questions previously described. These contributions are a 

materialization of those described above, regarding each context. 

2.4.1 Academic Context 

Academically, this works raises as a thesis for the Master degree in Information Systems and Computer 

Engineering, in Instituto Superior Técnico, framed in the enterprise architecture research context. This thesis is a 

continuation on the work previously developed in last academic year in (Castelão, 2010), which also addresses 

the Information Architecture theme in the Portuguese Public Administration context. Taking in consideration the 

particular spectrum defined, this thesis aims essentially to development the Enterprise Ontologies study, 

especially its application to develop Information Architecture. Associated with these contributions, that is also 



Chapter 2: Thesis Problem 

 9 

the possibility to apply the DEMO methodology to practical cases, which is a materialization of a better 

understanding of how it works and what are the results. 

Thus, academic contributions of this work, aligned with the scientific questions previously defined, might be 

stated as 

[Academic Contribution I] 

Understand how the Enterprise Ontologies might be used to develop an Information Architecture. 

 

[Academic Contribution II] 

Define how DEMO methodology might be used to develop an Information Architecture development 

methodology. 

 

[Academic Contribution III] 

Define how to identify Information Entities based on Enterprise Ontology transactions. 

Generally, this thesis is framed in the academic context in such a way that we intend to contribute for the 

Information Architecture development, understanding how the Enterprise Ontologies (especially the DEMO 

methodology) might be used to define a concrete methodology to do so. 

2.4.2 Enterprise Context 

Addressing now the enterprise context, it is important to describe the entity where this work is contextualized, 

and also denote what are the main contributes in that context, beyond the academic added value described above. 

The Agência para a Modernização Administrativa2, AMA in short, is a public institute included in the state 

administration that aims to operationalize the modernizations initiatives and also to promote the participation and 

involvement from the different stakeholders. More particularly, this thesis’ work integrates the Rede TIC (TIC 

Network) project hold by AMA, as described in (Imprensa Nacional Casa da Moeda, 2009). The Rede TIC is 

formed by some thematic representative workgroups from the public central, local and islands. Its main objective 

is to implement an inter-ministerial network for TIC governance in the public administration, proposing a set of 

guidelines in the information interoperability context, electronic identification and integration. 

This work does not aim to initialize the Reference Information Architecture project for the Public Administration, 

since it have already been started by AMA (and will be described later in this report), integrated in Rede TIC. As 

we previously referred, this work aims specifically to introduce the Enterprise Ontologies theme into the Public 
                                                             
2 AMA is a public Portuguese entity. For more information see www.ama.pt  
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Administration with the creation of a new approach for develop Information Architectures. This scenario leads 

us to the enterprise contributions, which are aligned with the main academic contributions, and that might be 

stated as 

[Enterprise Contribution I] 

Introduce the Enterprise Ontologies theme in the Portuguese Public Administration, as a basis for the 

Information Architecture definition. 

 

[Enterprise Contribution II] 

Elaborate a new approach for Information Architecture, based on DEMO methodology, and that might be useful 

for Public Administration in the future. 

 

[Enterprise Contribution III] 

Identify Information Entities based on the transactions defined by the interaction between the Public 

Administration and citizens/enterprises. 

2.5 Summary 

The main focus of this chapter was to describe, with the necessary detail, the problem that was defined in order 

to support the work to be developed. After this chapter the reader is able to understand what is the main problem 

that we are purposing to solve with our research, including the scientific questions that were defined to support 

the work’s development and its context, both in academic and enterprise contexts. 
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Figure 2.1 – Thesis problem resume 

Figure 2.1 resumes the problem presented in this chapter, using a conceptual map. It defines and relates the most 

important concepts addressed. In this picture, the most relevant motivation concepts are depicted, and also how 

they are related to each other. The ‘yellow concepts’ are all from the Enterprise Ontologies context, and the ‘blue 

concepts’ from the Information Architecture context. The relationships stressed with a red dashed line are the 

core problems of this thesis, which leads to the scientific questions described. 
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Chapter 3: Thesis Statement 

A fact is a simple statement that everyone believes. 

It is innocent, unless found guilty. 

A hypothesis is a novel suggestion that no one wants to believe. 

It is guilty, until found effective.  

EDWARD TELLER 

 

 

n the previously chapter we have defined the entire spectrum regarding the problems and contributions that 

this thesis intends to solve and give. In this chapter, we will present the aspects related with what is actually 

proposed in order to solve those problems and actually concrete those contributions. We will firstly 

describe the thesis hypothesis, and then address the methodology that was used to validate such hypothesis. We 

will finally depict the set of artifacts that we need to obtain in order to validate/evaluate our hypothesis, and also 

define the boundaries of our work. 

3.1 Thesis Hypothesis 

Based on the problems previously introduced, we are now able to state the hypothesis that we present to be 

validated and evaluated in this thesis. Since our hypothesis takes into consideration the scientific questions 

previously defined, we found convenient to divide it in three parts, each of one addressing the correspondent 

scientific question. 

  [Hypothesis I] 

The Enterprise Information Architecture can be defined based on the Enterprise Ontology Theory. 

 

  

I 

3 
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[Hypothesis II] 

The DEMO methodology can be used as a starting point to define a methodology for defining the Enterprise 

Information Architecture. 

 

[Hypothesis III] 

The Enterprise Information Architecture can be defined based on the transactions that support the Enterprise 

Ontology theory. 

This research aims to address how the development and definition of an Information Architecture might use the 

Enterprise Ontology theory, especially its concept of transaction. In particular, it aims to understand how can this 

be done using the DEMO methodology as a basis for the definition of a new methodology, especially using the 

content of the models that are obtained. 

This thesis purpose derives from the lack of methodologies for defining the Enterprise Information Architecture 

found in the literature. It intends to connect both the Information Architecture world with the one regarding the 

Enterprise Ontologies and all their benefits. We aim to be able to define a new methodology to develop and 

define Information Architectures based on DEMO methodology, in such a way that the obtained results satisfies 

the requirements for an Information Architecture and also stress the benefits proposed by the ontologies. 

3.2 Research Methodology 

In order to understand how we planned to validate and evaluate this hypothesis, this section describes the 

methodologies used to perform that task. It describes the research methodology that was followed, depicting its 

features, and applying it to the solution proposed by this research.  

This work is part of a scientific investigation, in order to develop an MSc thesis. A scientific investigation is 

defined as a methodological work in the presence of a problem, in order to find an adequate scientific solution to 

it (Salomon, 1996). There are two main approaches to develop a scientific investigation, the quantitative and the 

qualitative approach. In the quantitative approach some hypothesis are defined, based on theory, and they are 

quantified based on variables, submitted to statistical inferences and correlations that validate the hypothesis 

(Bryman, 1989). On the other hand, the qualitative approach allows investigators studying social and cultural 

phenomena. It starts from broader questions that are developed during the investigation (Godoy, 1995). 

Taking those approaches in consideration, the one that better fits this work is the qualitative approach, which 

covers some issues not covered by the quantitative one: 

• The need for the investigator to be present in the field. 

• The need to take into consideration people’s perspective. 

• The creation and definition of new contents (a methodology in this case).  
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• The impossibility for make statistic inferences about the result produced. 

Based on this approach, the perspective followed was the positivist perspective. This comes from the fact that we 

set a hypothesis for this work, and then we intended to validate it considering practical cases. The concrete 

methodology for developing this work is the action-research methodology. According to (Rapoport, 1970), the 

main objective of this methodology is answering people’s questions in a concrete context and learning with the 

process development in order to enlarge the knowledge among the scientific community. The investigator is 

directly involved in the studied organization, taking part of it not only as an observer. 

 

Figure 3.1 – Action Research methodology adapted from (McBride & Schostak, 2000) 

Each step of this methodology intended to: 

• Step I: define the problem within the context taken in consideration, in order to define what is intended 

to develop. 

• Step II: collect data according to the problem defined, both in theoretical and practical terms. The 

theoretical data is regarding all the literature related to this work, and the practical data is more related 

both to methodologies/notations used and also the practical case. 

• Step III: analyze the collected data, both the theoretical and practical, and formulate hypothesis to 

validate, as described before. 

• Step IV: validate the hypothesis formulated in the field, in the context of selected practical cases. 

• Step V: evaluate and analyze the previous step, in order to take some conclusions about the success of 

the validation process. 

This methodology supports the way that this work was conducted during two semesters, divided in two separate 

phases: (1) the project, during the first semester, intended to define the work that was going to be developed, 

performing a deep research, especially in terms of the related literature; (2) the dissertation, during which the 

proposed work was developed, and was validated and discussed the proposed hypothesis. 

I - Problem 
definition"

II - Data collection"
(theorical and 

pratical)"

III - Data anlysis 
and hypothesis 

formulation"

IV - Hypothesis 
validation (using 
practical cases)"

V - Hypothesis 
evaluation and 

analysis"
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3.3 Research Artifacts 

As the result of the work developed, it is important to describe the set of artifacts that are expectable and needed, 

in order to perform the validation and evaluation of the hypothesis. These artifacts are those that had to be part of 

the work developed, based on several information collected during the entire thesis period. 

 

Figure 3.2 – Research artifacts and others 

Figure 3.2 describes four artifacts, three that are results of the work developed in this thesis, and another one that 

was provided in the research context (stressed with a green tick). The three artifacts that are aimed to obtain in 

order to validate the hypothesis for this thesis are all related to the case study that supports this research. They 

are important outputs of the steps for the proposed methodology (our solution), and include a DEMO text, its 

application, and an Information Architecture model. The third parties artifact is a data mode that was provided in 

the context of the case study used. 

3.4 Thesis Scope 

Finally, it is also important to clearly define the boundaries that where set as the limits for the work to be 

developed. These boundaries were not quiet possible to define in an initial phase of the process, since they were 

only noticeable during the development of the work, according to the deadlines and decisions associated with the 

academic context previously addressed. 

The issues addressed as the thesis scope are related with different types of boundaries, due to the time they occur, 

or their origin, etc. Table 3 sums up the scope of this thesis, based on these boundaries, their types and a succinct 

description. 
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Table 3.1 – The boundaries for the thesis scope 

Boundary Type Description 

Assume the 

characteristics and 

benefits of Enterprise 

Ontologies, as long 

as DEMO. 

Associated with 

the definition of 

the proposed 

solution. 

Since the proposed solution (our methodology) is based (an uses) 

Enterprise Ontologies theory and DEMO methodology, we assume 

and transpose their features and benefits to our research (and its 

results), in the way they are presented in the literature. 

Not focus our effort 

in the quality of the 

DEMO models for 

the selected case 

studies. 

Associated with 

the definition of 

the proposed 

solution. 

Since the main focus of this thesis is the Enterprise Information 

Architecture theme, but DEMO is part of the proposed solution, we 

think that we should not make too much effort ensuring the quality 

of the DEMO models produced. This does not mean that their 

quality was neglected, but instead that we have focused our work 

much more on the rest of the proposed solution. 

Do not aim to 

achieve a Reference 

Information 

Architecture for the 

Portuguese Public 

Administration. 

Defined during 

the execution of 

the thesis work, 

due to the path 

followed. 

Initially this was the aim (and motivation) for this thesis. However, 

and as it was previously described, we found that we needed to 

readjust our objectives, due to the lack of Information Architecture 

defining methodologies. This sense, our aim turned into the 

development of such methodology, always taking in consideration 

the final objective of achieving a Reference architecture. 

3.5 Summary 

In this chapter we have presented the statement for this research, which lead us to the hypothesis that we aimed 

to evaluate and validate during our work. After reading this chapter, the reader should be able to understand what 

we are proposing, and how we intend to evaluate and validate that hypothesis. 

This chapter firstly introduces and defines the thesis hypothesis to be considered during the whole research. 

Then it is presented the research methodology that we have defined to use in order to validate and evaluate such 

hypothesis. We also depict the required artifacts in order to perform such validation. Finally, we clearly set the 

boundaries of our work, depicting the scope that we defined. 
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Chapter 4: Theoretical Background 

He who loves practice without theory 

is like the sailor who boards ship without a rudder and compass 

and never knows where he may cast. 

LEONARDO DA VINCI 

 

 

n Part I we have addressed the entire thesis context, including the problem defined and the proposed 

hypothesis. In this second major section, Part II, we will address all the aspects regarding the literature 

related to our research. This part is divided in two main chapters, in which the first one covers the 

theoretical background that supports our research, and the second one covers more practically aspects, namely 

methodologies, modeling notions, etc. 

In this specific chapter, Chapter 4, we will cover the theoretical aspects, which allow the reader to get a better 

background for this research, understanding the most important notions and definitions. The major themes 

addressed include: Enterprise Engineering, Design and Engineering, The Generic System Development Process, 

Enterprise Architecture, Information Architecture, and Enterprise Ontology. 

4.1 Enterprise Engineering 

The first notion to be addressed in our work’s context is the Enterprise Engineering (EE) discipline. This is the 

definition that supports another two important definitions that will be addressed later, namely Enterprise 

Architecture and Enterprise Ontology. The EE notion might be viewed as the result of some paradigm shifts over 

time, regarding the understanding of organization sciences. 

The current situation in the organization sciences resembles very much the one that existed in the information 

systems sciences around 1970 (Hoogervorst & Dietz, 2008). Since that time, a revolution took place in the way 

people conceived information technology and its application, since people started to be aware of the distinction 

between the forms and content of information. That revolution marked the transition from the era of data systems 

engineering to the era of information systems engineering (Hoogervorst & Dietz, 2008). Like the content of 

I 
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communication was put on top of its form in the 1970’s, the intention of communication is now put on top of its 

content (Dietz & Hoogervorst, 2007). This current revolution in the information systems sciences marks the 

transition from the era of information systems engineering to the era of EE. The sum up of these paradigm shifts, 

from the Data Systems Engineering to the Enterprise Engineering notion is depicted in Figure 4.1. 

 

Figure 4.1 – The roots of Enterprise Engineering (Hoogervorst & Dietz, 2008) 

A basic premise of EE is that an enterprise is a designed, engineered, and implemented system. In order to 

ensure such features there is two core notions associated: ontology and architecture. They are both addressed in 

the following sections, and they ensure that the designing, engineering, and implementing of a system is 

performed coherently and consistently, such that the resulting system is a truly integrated whole (Dietz & 

Hoogervorst, 2007). From these premises, the Enterprise Engineering discipline is defined as 

[Enterprise Engineering] 

The whole body of knowledge and know-how regarding the development, implementation and operational use of 

enterprises, as well as their practical application in engineering projects (Dietz, 2008) 

The definition above differs from the common approach where systems are viewed as an organically growing 

entity (Hoogervorst & Dietz, 2008). As stated by (Hoogervorst & Dietz, 2008), the mission of EE is to combine 

(relevant parts from) the traditional organizational sciences and the information system sciences, and to develop 

emerging theories and associated methodologies for the analysis, design, engineering, and implementation of 

future enterprises. 

It is important for the reader to understand the EE discipline as the motivation for both the Enterprise 

Architecture and Enterprise Ontology definitions, which are two basic themes in this thesis context. Before 

exploiting these two main pillars of EE, we will firstly address the Generic System Development Process 

framework, in which these two notions are related to common design and engineering notions. 
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4.2 Design and Engineering 

The need for depicting the difference between design and engineering aims the reader to better understand the 

difference between the ontology and architecture definitions. The system design and engineering are two 

concepts that need to be separated since they cover different parts of the construction of a system. 

The first definition that we must address is the system notion. The understanding of its concept is fundamental in 

any science, each one in its own particular kind of system. As (Dietz, 2006) depicts, several researches have 

been made in this area in order to develop a general system theory that focuses on the characteristics of systems 

across the barriers between scientific disciplines. This theory is called systemics, and it is an important systems 

approach for Enterprise Ontology since we have to deal with at least three distinct kinds of systems: social 

systems, which are the essence of enterprises; conceptual systems, namely formation or knowledge systems; and 

technical systems. From these concepts, a system might be defined as 

[System] 

A set of interacting entities (or elements) which form an integrated whole (Dietz, Architecture: Building strategy 

into design, 2008) (Ackoff, 1971) 

By the integrated whole definition is meant that each element in the system is connected to every other system 

element, directly or indirectly, and that there is a boundary that embodies a set of relationships which are 

differentiated from relationships with external elements and from relationships between elements of the set and 

the environmental set (Henriques, 2010). 

Besides this system definition, (Dietz, 2006) also refers that we should consider two different system notions, 

each with its own value, its own purpose, and its own type of model. On the one hand, the teleological system 

notion is about the function and the (external) behavior of a system (Hoogervorst & Dietz, 2008). This notion is 

adequate for the purpose of using or controlling a system and it is therefore the dominant system notion in social 

sciences. The corresponding type of model to this perspective is the black-box model, which is a (mathematical) 

relation between a set of input and output variables, called the transfer function. On the other hand we have the 

ontological system notion, which is more about the construction and operation of a system, and therefore the 

dominant system notion in all engineering sciences (Hoogervorst & Dietz, 2008). This ontological view of a 

system is materialized by (Dietz, 2006) in such a way that something is a system if and only it has the following 

properties: 

• Composition: a set of elements of some category (physical, social, biological, etc.). 

• Environment: a set of elements of the same category. The composition and the environment are disjoint. 

• Production: the elements in the composition produce things (e.g., goods or services) that are delivered 

to the elements in the environment. 

• Structure: a set of influence bonds among the elements in the composition, and between them and the 

elements in the environment. 
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The corresponding type of model for this perspective is the white-box model, which is a direct mapping of the 

ontological system definition (Hoogervorst & Dietz, 2008). As stated by (Dietz, 2006), the formal definition of 

an ontological system (illustrated by Figure 4.2) is given by its construction, which includes its composition 

(gray-colored elements) and environment (white-colored elements). The black elements are external, so they do 

not belong to the system because they do not have influencing bonds with elements in the composition. The 

composition is separated from the environment by a boundary, and together with the structural bonds between its 

elements is called the kernel of the system. 

 

Figure 4.2 – The construction of a system (Dietz, 2006) 

4.3 The Generic System Development Process 

The system approach and definition given above are quite important, since for a system (of any kind) design, 

both the teleological and the ontological system definitions are relevant (Dietz & Hoogervorst, 2007). 

 

Figure 4.3 – The system design process (Dietz & Hoogervorst, 2007) 

As described in (Dietz & Hoogervorst, 2007) and (Hoogervorst & Dietz, 2008), we might sum up a design 

process in several steps: 

• A starting point based on the need of some system, the using system (US), of a supporting system, the 

object system (OS). This processes starts with a white-box model for the US. 

• The determination of requirements for the OS in terms of the construction and operation of the US (the 

function design). This is performed in terms of the black-box model of the OS. 

• The next step is to devise specifications for the construction and operation of the OS, in terms of a 

white-box model of the OS. This is called the construction design. 
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• The analysis and synthesis steps, which are on the process that must guarantee that building the OS is 

feasible given the available technology. 

 

Figure 4.4 – The process of engineering a system (Dietz & Hoogervorst, 2007) 

From this design process we are able to obtain the system constructional specifications, which will be the basis 

for its engineering, which is described in Figure 4.4. As (Dietz & Hoogervorst, 2007) describe, this process 

consists of producing a coherent and consistent ordered set of white-box models of the system. The ‘lowest’ 

model produced is the implementation model, and it can be implemented on any available technology. 

Contrariwise, the ‘highest’ model is the ontological model or just the ontology of the system, which is fully 

independent of the implementation; it only shows the essential features of the system. 

 

Figure 4.5 – The Generic System Development Process (Dietz & Hoogervorst, 2007) 

Besides the fact that, from the perspective of the US, the set of (functional) requirements regarding an OS is 

fully appropriate and complete, (Hoogervorst & Dietz, 2008) point that might be desirable from the point of 

view of the enclosing environment to impose (additional) functional requirements that do not conflict with the 

determined requirements, but that would satisfy other goals of the enterprise. This leads us to the need for a large 

freedom in devising the specifications for the OS. This sense, there is room for (additional) constructional 

requirements. The notion of architecture, as it will be addressed later in this report, covers such idea. As (Dietz 



Chapter 4: Theoretical Background 
 

 23 

& Hoogervorst, 2007) refer, the main and new thing regarding the designing and engineering of systems of any 

kind is that architecture notion, which it is important to briefly summarize at this point as a normative restriction 

of design freedom. 

In line with the distinction between requirements and specifications, (Dietz & Hoogervorst, 2007) also 

distinguishes between functional principles or function architecture, and construction principles or construction 

architecture. This distinction, along with the previous description of a system design and engineering, lead us to 

the Generic System Development Process (GSPD), which is depicted in Figure 4.5. 

4.4 Enterprise Architecture 

From the engineering definition previously described, we need to also address its two main pillars. Firstly we 

will address the architecture definition, in particular the Enterprise Architecture (EA), which is one of the main 

themes for this work. The second pillar, the Enterprise Ontology, will be addressed forward in this report. 

The term architecture is not without ambiguity, even in building the construction. It can be viewed as the art and 

science of designing the built environment or the product of such a design. Thus, the term architecture can 

encompass both the blueprint for a building and the general underlying principles such as its style (Lankhorst & 

et al., 2009). This ambiguity leads us to different perspectives for this term, even in IT context. We think that it 

is interesting to address both the more ‘common’ definition for EA, and the one that is a consequence of the EE 

definition given before. 

According to (IEEE Computer Society, 2000), the term architecture refers to the fundamental organization of a 

system embodied in its components, their relationships to each other, and to the environment and the principle 

guiding its design and evolution. More and more this notion of architecture has been applied to with a broader 

scope than just in the technical and IT domains. According to The Open Group Architecture Framework 

(TOGAF) the term enterprise can be defined as any collection of organizations that has common set of goals 

and/or a single bottom line. Both these definitions lead us to the definition of Enterprise Architecture as 

[Enterprise Architecture I] 

A coherent whole of principles, methods, and models that are used in the design and realization of an enterprise’s 

organizational structure, business processes, information systems, and infrastructures (IEEE Computer Society, 

2000) 

The definition above is the first of the two that we want to detail, since they are both important to understand and 

analyze, regarding this work background. The second definition for EA that we shall address is the one that 

arises with the EE definition previously addressed in this report, and it is one of the two pillars of that theme. 

This sense, (Dietz & Hoogervorst, 2007) refer that the definition for EA described above is equivocal, since it 

tries to accommodate two very different points of view: one is architecture as a kind of global composition and 

structure of a system, abstracted from details; the other on is architecture as a kind of restriction of its design and 

engineering space. Furthermore, (Dietz & Hoogervorst, 2007) also argue that the construction and operation of a 
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system in a fundamental way, abstracted from implementation details, is crucial. However, and according to 

these authors, this has already a name: the ontology concept (addressed forward in this report). This sense, the 

term architecture should exclusively be used for the second part of the definition stated by (IEEE Computer 

Society, 2000), i.e. the (Enterprise) Architecture definition should read as  

[Enterprise Architecture II] 

(Theoretically) the normative restriction of design freedom; and (practically) a consistent and coherent set of 

design principles (Dietz & Hoogervorst, 2007) 

This is the definition that we will consider, since it is directly related to the Enterprise Ontology definition, one 

of the core notions for this work. Regardless of the definition used for the notion of what is EA, (EORG@AP 

Group, 2005) refer that the it provides powerful guidelines to the integrated design of the organizations and also 

to the formulation, development, achievement, monitoring and evaluation of the changing projects and for 

dynamic interactions associated with them. 

As (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & Schroeck, 2010) refer, the term architecture is used in a 

rather broad way and there are different types of architectures to consider, which might be seen as sub-

architectures of the EA. Thus, Business Architecture, Application Architecture, Information Architecture, 

Integration Architecture, Operational Architecture, Security Architecture and Network Architecture are 

examples of these architectures, which address specific situations or problems to be solved within an enterprise, 

and are thus related to the EA. This set of architectures allows the EA to provide the alignment across business 

strategy, IT strategy, and IT implementation, as stated by (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & 

Schroeck, 2010). The EA links the enterprise’s strategy to its IT investments by ensuring a tight integration 

between the Business, Application, Information and Infrastructure, as Figure 4.6 depicts. 

 

Figure 4.6 – The EA layers based on (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & Schroeck, 2010) 

Enterprise Strategy Layer 
•  Goals and objectives 

Business Layer 
•  Support strategy and operational organization 

Application Layer 
•  Support business and implement business functions 

Information Layer 
•  The fuel that drives business artifacts 

Infrastructure Layer 
•  Technical components 
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This big picture from the layered view of the EA, we are able to identify the most important layer for this work, 

which is the Information Architecture. We will address and describe the most important notions of it in the 

following section. 

4.5 Information Architecture 

The Information Architecture theme is the one that is most relevant, taking in consideration both the motivation 

and objectives for this research. This sense, the following sections intend to address the key aspects for this 

theme, in order for the reader to get the necessary background to understand the proposed solution, and also to be 

able to bridge the notions presented with the results obtained. 

4.5.1 Theoretical Definitions 

The Information Architecture (IA) term was firstly addressed by Richard Wurman in 1975 to describe the need 

to transform data into meaningful information, as (Dillon & Turnbull, 2005) refer. As the same authors states, 

this subject was taken into more consideration during the emergence of the World Wide Web in the 90’s, when 

interest in information organization and structure became widespread. The concept of IA has evolved and it 

started to be used in the enterprise context. 

The IA definition should be analyzed as a conceptual approach. As stated by (Godinez, Hechler, Koenig, 

Lockwood, Oberhofer, & Schroeck, 2010), the IA definition is the first of three levels regarding the information 

organization and structure in an enterprise. These authors sum up this approach with a roadmap to define the 

relevant IA terms: the IA is the first step, and is defined in a small scope as a department or business unit; 

applying a enterprise-wide business context to this IA we get the Enterprise IA, which is an overall; finally, 

applying the Reference Architecture concept we get the Enterprise IA Reference Architecture. In this work, 

when we refer to Information Architecture, we are actually referring to the Enterprise IA, since we are dealing 

with information among the enterprise context (the Public Administration in this particular case). Furthermore, 

this work is even more about the Enterprise IA Reference Architecture, which is its main motivation. However, 

as previously described in the beginning of this report, we assume not to go as far as the motivations aimed, due 

to the shift performed in the approach to be followed. 

Thus, we respect this roadmap, and we will address the IA theme according to it, in order for the reader to better 

comprehend them. We firstly describe the IA definition. As (Godinez, Hechler, Koenig, Lockwood, Oberhofer, 

& Schroeck, 2010) refer, the IA provides the foundational information-relevant concepts and frameworks for 

dealing in a consistent and integrated manner with the technology to guarantee the responsiveness and trusted 

information insight that the business requires from is information layer. It identifies the information-centric 

components of an organization’s IT environment and defines its relationship to the organization’s objective. We 

might resume the IA definition as 
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[Information Architecture] 

The description of the principles and guidelines that enable consistent implementation of information technology 

solutions, how data and information are both governed and shared across the enterprise, and what needs to be 

done to gain business-relevant trusted information insight (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & 

Schroeck, 2010) 

Another definition of the IA term is given by (Dillon, 2002), which states about the process of designing, 

implementing and evaluating information spaces that are humanly and socially acceptable to their intended 

stakeholders. This definition leads us to the IA as a discipline or a field of its own, and (Dillon, 2002) links it 

more to human activities such as design and creative writing. In this report, we will use the term IA term as the 

Enterprise Information Architecture, since we consider the IA to be the Enterprise IA for this work context. 

Last, but not the least, there is the Reference Architecture concept, which leads us to the Enterprise IA Reference 

Architecture. As (Godinez, Hechler, Koenig, Lockwood, Oberhofer, & Schroeck, 2010) states, the Reference 

Architecture provides a proven template for architecture for a particular domain or area of application that 

contains the supporting artifacts to enable their use. Moreover, the Reference Architecture provides a common 

vocabulary to enable a common understanding while facilitating discussions around implementations. Based on 

the requirements in a given area of an application, such as the Enterprise IA, there are certain components shared 

between systems in the same area. The Reference Architecture identifies these components and indicates how 

they interconnect, and all of these together made up its definition. 

4.5.2 Characteristics and Objectives 

Having covered the entire spectrum of important definitions regarding the IA, it is now convenient to understand 

its main characteristics and objectives. The Reference Architecture definition comprehends a set of 

characteristics that help to understand what this is notion is about. Those key characteristics are described by 

(Godinez, Hechler, Koenig, Lockwood, Oberhofer, & Schroeck, 2010), and are: 

• Major foundational components or building blocks – they help to describe and end-to-end architecture 

solution. 

• Common language – it simplifies communication when talking about systems of a given type. 

• Framework – the Reference Architecture is a framework for scope identification, roadmap definition, 

risk assessment, and gap assessment. 

• Foundation – it is a proven foundation for all solution designs in a domain. 

Besides these definitions, it is also important to understand what the IA actually aims. In (Caetano, Sousa, & 

Vasconcelos, 2010) IA is also proposed as one of the sub-architectures of the EA spectrum, just as we previously 

described. It aims to identify the main data types that support the business development of an organization. As 

its result, it is intended to have the description of the informational entities that are necessary to support that 

business. As described in (Vasconcelos, 2007), the main purposes of this architecture are: 
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• Identify the fundamental business information. 

• Define the data independently from the applications or systems that will exist. 

• Provide the basis for corporative data management. 

4.5.3 Composition 

From the objectives of IA, we also need to depict its composition, which is a key part of this theme, since the 

practical development of the IA is based on its components. The composition perspective that we will consider 

for this work is the one described by (Spewak & Hill, 1993). These authors define three different concepts 

regarding the IA: Information Entity, Attribute and Relationship. 

The first concept is the Information Entity (IE), and is the basis for the IA. This concept might be defined as 

[Information Entity] 

Any person, place, concept or event that is meaningful in the business context taken into consideration, and 

which information might be stored (Spewak & Hill, 1993) 

The second notion is derived from the first one, since it adds the IE more detail. An IE Attribute might be 

defined as 

[Attribute] 

Some feature of an entity, which details its definition (Spewak & Hill, 1993) 

Finally, there is special attribute that is covered separately, since its properties justify that distinction. A 

Relationship (or relationship attribute) is defined as 

[Relationship] 

An attribute that is related with some other entity, which adds detail in the business context (Spewak & Hill, 

1993) 

The concept associated with IE is quite important in IA, since it is its main component. According to (Caetano, 

Sousa, & Vasconcelos, 2010) each IE is described, at least, by: 

• A name (a noun). 

• A unique identifier, by which its instances are uniquely recognized. 

• A description. 

• Its relationships with other entities. 

Some examples of information entities are: a university course, a student from a specific university course, an 

organization client, an organization supplier, etc. 
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4.5.4 Data Models 

Considering all the relevant information previously described regarding the IA, from its theoretical definitions to 

its composition, we can finally address the concrete and practical result of the IA, i.e. its model. As (Inmon, 

2000) describes, the Generic Data Model (GDM) is the point of departure for the design and development of the 

data warehouse environment. We consider those models in this work as the concretization of the theoretical 

concepts regarding the IA. More narrowly, we also consider the three levels of data modeling defined by (Inmon, 

2000): the high-level data model, the mid-level data model and the preliminary physical data model. Taking in 

consideration this work’s context, we will now address only the first two models listed, since the last one 

belongs to a level of detail that stays out of our scope. 

The High-Level Data Model is the most basic component of the GDM, and it is a simple Entity-Relationship 

diagram. An entity follows the definition given before for an IE, and is at its highest level of abstraction within 

the scope of integration. The relationship is the connecting bond between two entities. More detailed aspects 

regarding the Entity-Relationship diagrams will be addressed later in this report, since it evokes more practically 

methodologies (which are fully covered in the next chapter). This High-Level Data Model is described in Figure 

4.7, and it sets the tone for the rest of the design effort (Inmon, 2000). 

 

Figure 4.7 – The High-Level Data Model (Inmon, 2000) 

The second important component of the GDM is the Mid-Level Data Model. In this model, each entity defined 

in the High-Level Data Model results is one Mid-Level Data Model, as depicted by Figure 4.8.  

 

Figure 4.8 – The Mid-Level Data Model (Inmon, 2000) 
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As described by (Inmon, 2000), the Mid-Level Data Model contains three basic elements: keys, attributes and 

groupings of data. These aspects of the model are depicted in Figure 4.9. 

 

Figure 4.9 – The Mid-Level Data Model in detail (Inmon, 2000) 

There are three types of groupings of data shown in the figure. The primary grouping of data is at the top left of 

the mid-level data model. The primary grouping of data occurs once and only once for every entity or major 

subject area. The primary grouping of data contains attributes that exist once for every occurrence of the entity or 

major subject area. Beneath the primary grouping of data is the secondary grouping of data that contains 

attributes of data that can occur multiple times. To the right of the primary grouping of data is the subtype data, 

which breaks the entity down into its subcomponent types. 

From this detailed description, it is important to retain that, in general each grouping of data contains a key and 

some attributes. The Mid-Level Data Model takes the very high level of data found in the High-Level Data 

Model and starts to refine and clarify the contents and structure. 

The last component of the GDM is the Preliminary Physical Data Level. This model refines the Mid-Level Data 

Model into what is known as the preliminary physical data warehouse design. Since this level stands out of the 

scope of this work, we will not detail it, but we refer it since it is part of the GDM, and it is important for the 

reader to beware of its existence. 

4.6 Enterprise Ontology 

The second pillar of EE is the Enterprise Ontology (EO) notion, which is important for the reader to understand 

since it is one of the major concepts behind the work developed in this thesis. As (Dietz, 2006) refers that it is 

crucial to give the reader at least two kind of explanations, regarding the EO subject: one regards the justification 
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of presenting yet another point of view on enterprises; the other concerns the particular approach towards EO 

that should be considered. This sense, we will address both this explanations, the first of which during the 

several sections in this report, including this one. The second one, regarding the methodology, will be addressed 

in the next chapter. 

In order to better comprehend the concrete definition of EO, it is convenient firstly to understand the ontology 

concept itself. In its modern use, ontology has preserved its original meaning, and (Hoogervorst & Dietz, 2008) 

state that such meaning is to deal with the essence of something. Moreover, they define its practical goal, which 

might lead us to a clear definition of ontology, as 

[Ontology] 

A way to provide a basis for the common understanding of some area of interesting among a community of 

people who may not know each other at all, and who may have very different backgrounds (Hoogervorst & 

Dietz, 2008) 

There are several modern definitions for this concept, but there are two that are more relevant, regarding the EO 

perspective. The first one is the world ontology concept, which is defined by (Hoogervorst & Dietz, 2008) as 

focusing on defining the core entities in such a world and their interrelationships in a most clear and extensive 

way. The other concept is system ontology notion, which is also addressed by (Hoogervorst & Dietz, 2008). Its 

main source is (Bunge, 1964) and (Bunge, 1979), and it aims to understand the essence of the construction and 

operation of complex systems. This definition of system ontology includes the notion of world ontology. 

According to the definitions given above, the EO concept might be defined as a concretization of the ontology 

definition applied to enterprises. There is no concrete definition for this concept, but we might illustrate it 

according to its main objectives. This sense, the Enterprise Ontology concept might be defined as 

[Enterprise Ontology I] 

A way to understand the essence of the construction and operation of complete systems, more specifically, of 

enterprises (Dietz & Hoogervorst, 2007) 

This is exactly the same definition given before to system ontology. It offers a new understand of enterprises, 

such that one is able to look through the distracting and confusing actual appearance of an enterprise right into its 

deep essence, like an X-ray machine can let you look through the skin and the tissues of the body right into the 

skeleton (Dietz & Hoogervorst, 2007). 

4.6.1 The Ψ-Theory 

The EO concept is founded in the Ψ-theory, which is a holistic and integrative theory, firmly rooted in three 

other theories, as stated by (Dietz, 2008): the Habermas’ Theory of Communicative Action; Bunge’s Systems 

Theory; and Wittgenstein’s World Ontology. This theory is based in a set of four axioms: the operation axiom; 
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the transaction axiom; the composition axiom; and the distinction axiom. We will describe each axiom in the 

following sections, since they are the bases for the DEMO methodology, which was used for this work 

development. 

4.6.1.1  The Operation Axiom 

The first axiom addressed is the operation axiom, which is graphically represented in Figure 4.10. This axiom 

states that 

[Operation Axiom] 

The operation of an enterprise is constituted by the activities of actor roles, which are elementary chunks of 

authority and responsibility, fulfilled buy subjects (Dietz, 2006) 

An actor is a subject in its fulfillment of an actor role. They are the (active) elements of an enterprise. These 

actor roles perform two kinds of acts, namely production acts (P-acts) and coordination acts (C-acts). By 

performing P-acts the subjects contribute to bringing about the goods and/or services that are delivered to the 

environment of the enterprise. By performing C-acts subjects enter into and comply with commitments towards 

each other regarding the performance of P-acts. C-acts consist of two concurrent acts, the intention act and the 

proposition act, and they are always, either directly or indirectly, about P-act.  

 

Figure 4.10 – The operation axiom graphical representation (Dietz, 2006) 

The result of successfully performing a P-act is a production fact (P-fact). Examples of P-facts are membership 

#387 has been started and the fine for loan #2396 has been paid (these examples are based on the library case 

described by (Dietz, 2006)). The result of successfully performing a coordination act is a coordination fact (C-

fact). Examples of C-facts are the being requested of the production fact membership #387 has been started, the 

being promised of the same production fact, and the being promised of the production fact the fine for loan 

#2396 has been paid. 

From the distinction between P-acts and C-acts, another distinction is made between two worlds in which these 

kinds of acts have effect, as stated by (Dietz, 2006). The state of the production world (P-world) at a particular 

point in time is the set of P-facts that have been created up to that point in time. The state of the coordination 

world (C-world) at a particular point in time is the set of C-facts that have been created up to that point in time. 
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4.6.1.2 The Transaction Axiom 

The second axiom of the Ψ-theory is the transaction axiom, which reads that 

[Transaction Axiom] 

Coordination acts are performed as steps in universal patterns, called transactions, which involve two actor roles 

and are aimed at achieving a particular result (Dietz, 2006) 

A transaction evolves in three different phases: the order phase (O-phase), the execution phase (E-phase) and 

the result phase (R-phase). Two actors perform it: the initiator and the executor. In short, a transaction is 

described as follows: 

• In the O-phase both actors try to reach an agreement about the intended result of the transaction. 

• In the E-phase the executer brings about the P-fact. 

• In the R-phase both actors try to reach another agreement, this time about the P-fact previously 

produced, as well as the actual time of creation. The fact only comes into existence if that agreement 

was reached. 

Based on these phases, the basic transaction pattern includes the crucial steps of a transaction: a request; a 

promise; a P-act that leads to a P-fact; a statement; and an acceptance. This pattern is depicted in Figure 4.11, 

which contains: white boxes that represent C-acts; white disks that represent C-facts; gray boxes that represent 

P-acts; and gray diamonds that represent P-facts. The two actor roles that take part in a transaction represent the 

responsibility areas, as stated by (Dietz, 2006). 

 

Figure 4.11 – The basic transaction pattern (Dietz, 2006) 

Since the pattern described above only represents the basic steps of a transaction, (Dietz, 2006) also describes 

another pattern that addresses the dissent cases, i.e. in case that both actor roles do not reach an agreement. This 

sense, the standard transaction pattern extends the basic transaction pattern with the two dissent patterns 

described by (Dietz, 2006): at the ‘requested’ state, one may reject it, instead of accepting; and at the ‘stated’ state, 
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one may not accept it, and both actors must ‘sit together’ and discuss the situation. This standard pattern is 

depicted in Figure 4.12. 

 

Figure 4.12 – The standard transaction pattern (Dietz, 2006) 

4.6.1.3 The Composition Axiom 

The third axiom of the Ψ-theory is the composition axiom, and it arises from the two possible ways that a 

transaction is initiated, according to (Dietz, 2006), which are enclosing and self-activation. This axiom reads that 

[Composition Axiom] 

Every transaction is enclosed in some other transaction, or is a customer transaction of the organization under 

consideration, or is a self-activation transaction (Dietz, 2006) 

Those two possible ways of initiate a transaction are derived from the basic transaction pattern described before, 

more precisely from its ‘promise state’. Figure 4.13 describes the first way to initiate a transaction: the enclosing. 

From this promise state the executor A1 performs two acts, the execution of the P-act and the request for another 

transaction, performed buy another A2. This ensures that for every transaction T1 performed, another transaction 

T2 is started. In this context, the execution of T1 has to wait for the completion of T2, as is represented by the 

dashed arrow. This sense, T2 becomes an enclosed transaction of T1. 
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Figure 4.13 – The structure of enclosing a transaction (Dietz, 2006) 

The second possible way of a transaction to be initiated is with self-activation. This possibility is depicted in 

Figure 4.14. From the state requested of T1, two acts are performed: one is the promise of T1, performed by the 

executor of T1 (A1); the other act is the request for a next T1, performed by the executor of T1 (A0). 

 

Figure 4.14 – The structure of self-activation (Dietz, 2006) 
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As stated by (Dietz, 2006), this composition axiom is an important one when defining the business process 

concept. (Dietz, 2006) states that a business process is a collection of casually related transaction types, such that 

the starting step is either a request performed by an actor role in the environment (external activation) or a 

request by an internal actor role to itself (self-activation). The transactions are represented by the complete 

transaction pattern. 

4.6.1.4 The Distinction Axiom 

The fourth and the last axiom from the Ψ-theory is the distinction axiom, which reads that 

[Distinction Axiom] 

There are three distinct human abilities playing a role in the operation of actors: performa, informa, and forma 

(Dietz, 2006) 

These three abilities regard communicating, creating things, reasoning and information processing. They sum up 

the distinction axiom, and they are depicted in Figure 4.15. From these three human abilities, (Dietz, 2006) 

considers that performa is the essential human ability for doing business of any kind. 

 

Figure 4.15 – The distinction axiom in short (Dietz, 2006) 

Communication plays an important role not only in this axiom, but also in the Ψ-theory as a whole, since human 

minds cannot be connected directly to each other (Dietz, 2006). This is supported by the theory of 

communicative action of Habermas. According to (Dietz, 2006), citing (Habermas, 1981), there are three spheres 

of human existence taking part of the communication process: the objective world; the subjective world; and the 

social world. These three worlds are directly related to three claims, raised from the communicative act 

definition of this theory: the claim of truth; the claim to justice; and the claim to sincerity. In correspondence to 

the claims, three classes of communicative acts are distinguished: constativa; regulativa; and expressiva. All 

those concepts together define the Habermas’ theory, and are depicted in 
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Figure 4.16 – The Habermas’ theory in short (Dietz, 2006) 

From the definitions above, C-acts can be analyzed in more detail, as depicted in Figure 4.17. In order to achieve 

a successfully C-act, there are several communicative acts performed: performative exchange; informative 

exchange; and formative exchange. Those acts correspond to the three human abilities from the distinction axiom. 

 

Figure 4.17 – A coordination act process in detail (Dietz, 2006) 

Another distinction is made between the three levels of abstraction, which is important to refer (it is described in 

the right side of Figure 4.15). There is the forma ability, concerning the ability to deal with recorded information 

items; the informa ability, which concerns the ability to reason, compute, derive, etc., as well as to reproduce 

remembered knowledge; and the performa ability, that concerns the ability to establish original new things, like 

creating material products or making decisions. According to this distinction we have, respectively, datalogical 

acts and datalogical transactions; infological acts and infological transactions; and the essential/ontological P-

acts and ontological transactions. 

From the description above, (Dietz, 2006) defines the operational concept of Enterprise Ontology according to 

the Ψ-theory as 
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[Enterprise Ontology II] 

The ontological transactions, together with the ontological actor roles involved, constitute the ontology of an 

enterprise (Dietz, 2006) 

4.6.2 The Organization Theorem 

With the four axioms from the Ψ-theory described, it is now possible to understand the benefits provided, in 

order to extract the essence of an organization from its actual appearance, as the EO concept aim. This is, 

according to (Dietz, 2006), the overall goal of the Ψ-theory. Thus, the organization theorem allows 

understanding how these benefits can be combined in a way such that the white-box model of this notion of 

enterprise may rightly be called an ontological model. 

The organization theorem states that 

[The Organization Theorem] 

The organization of an enterprise is a heterogeneous system that is constituted as the layered integration of three 

homogeneous systems: the B-organization (from Business); the I-organization (from Intellect); and the D-

organization (from Document) (Dietz, 2006) 

As Figure 4.18 depicts, the D-organization supports the I-organization, which supports the B-organization. This 

integration is established through the cohesive unity of the human being. All these three systems are in the same 

category, of social systems, meaning that they are similar as far as coordination is concerned. Actually, they only 

differ in the kind of production, as Figure 4.18 details. 

 

Figure 4.18 – The organization theorem (Dietz, 2006) 

The triangular shape from this figure means that there is nothing ‘above’ the ontological level, i.e. the knowledge 

of the B-organization of an enterprise is a complete knowledge of the essence of the enterprise; all the rest is 

merely realization and implementation, as referred by (Dietz, 2006). Despite this ‘simple’ representation of an 

enterprise, it consists of more than just a well-established integration of these three aspects organizations. 

Human beings are part of enterprises, and they are biological being which means that they need a particular 
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environment to live in, as well as specific facilities to make their biological lives confortable (Dietz, 2006). 

There are also some physical requirements that must be met, such as the need for workspace and mobility 

services. Those aspects are important, but are not concerned in the approach described so far, since they are not 

directly related to the notion of enterprise adopted (Dietz, 2006). 

4.7 Summary 

This chapter is the first of the two chapters of this document that address the literature regarding our work. In 

this particular chapter, we have addressed the theoretical concepts that support the solution proposed with our 

research. After this chapter, the reader should be able to understand the theoretical background that supports our 

proposals. 

 

Figure 4.19 – Theory background resume 

Figure 4.19 resumes the theory background presented in this chapter. The themes addressed are all depicted in 

this conceptual map, which groups those notions according to their relations. This sense, the gray concepts are 

more general notions, the green ones are related to the Enterprise Engineering and Architecture, the blue ones are 

all related to Information Architecture, and the yellow ones are regarding the Enterprise Ontologies theme. 
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Chapter 5: State of Art 

In theory there is no difference between theory and practice. 

In practice there is. 

YOGI BERRA 

 

 

fter the description of the theory background that supports the work developed in this thesis, this 

chapter is related to more practical aspects. It addresses such practical aspects both for the 

Information Architecture and Enterprise Ontology theme. The themes addressed in this chapter are 

those that we found more relevant in this work’s context. They represent what we intend to be the state of art 

tools to be used to present a solution to the problem initially proposed.  

Firstly we will describe two different approaches regarding notations for the development of IA, namely the 

Entity-Relationship Modeling and UML. Then it is addressed DEMO, as the methodology that implements the 

Enterprise Ontology notion. Later are addressed aspects related to the state of art regarding the mapping of 

different notations, in particular mapping from ORM to UML. Finally, another important item in this state of art 

chapter is related to the work already developed by AMA in terms of an IA for the Portuguese Public 

Administration. 

5.1 Data Modeling 

As it was described above, we firstly address two different approaches for data modeling: entity-relationship 

modeling and UML modeling. Those are the ones that are mostly used among industry, and we found them as 

the ones that should be studied in order to help us developing our work. Entity-relationship modeling is 

addressed first, and then data modeling using UML. 

A 

5 
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5.1.1 Entity-Relationship Modeling 

The Entity-Relationship (ER) modeling approach is quite intuitive, and in spite of the recent rise of UML for 

modeling object-oriented applications, ER is still the most popular data modeling approach for database 

applications, as stated by (Halpin, 2001). This approach views an application’s domain in terms of entities that 

have attributes and participate in relationships. 

The ER approach was originally introduced by (Chen, 1976). Its original notation uses rectangles for entity types 

and diamonds for relationships, as depicted in Figure 5.1. Attributes may be defined, but are excluded from the 

ER diagram. According to (Chen, 1976), relationships are formalized in terms of ordered tuples of entities, 

allowing the order to be dropped if role names are used. Despite that ER diagrams do not display, relationships 

may have attributes but cannot play roles in other relationships (Halpin, 2001). 

 

Figure 5.1 – The original ER notation by (Chen, 1976) 

Chen’s notation included noun phrases for relationships, eliminating natural verbalization (Halpin, 2001), as 

Figure 5.1 shows. Even if verb phrases are used, the direction in which relationships names are to be read is 

formally undecided, unless some additional marks are added. A rectangle with a double border denotes a weak 

entity type. This means that the entity type’s identification scheme includes a relationship to another entity type. 

Since Chen’s notation, many variant notations have been developed over time. Attributes were sometimes 

displayed as named ellipses, connected by an arrow from their entity type, with double ellipses for identifier 

attributes. According to (Halpin, 2001), one problem with the ER approach is that there are so many versions of 

it, with no single standard. However, in industry, the most popular versions of pure ER are the Barker and 

Information Engineering notations. Another popular notation is IDEF1X, which is a hybrid of ER and relational 

notation. 

Considering all these notations and versions of ER, there are several particular aspects regarding each one. 

However, and considering this work’s context and scope previously defined, we find that the description above 

is enough. Our main objective is to understand how IE, attributes and relationships are represented using the ER 

modeling. 
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5.1.2 Data Modeling in UML 

Although semantic approaches to information modeling appeared in the early 1970s, no single approach has yet 

achieved universal adoption, as (Halpin, 2001) refers. The same author states that the history of information 

systems modeling has been characterized by a plethora of techniques and notations, with occasional religious 

wars between proponents of different approaches. 

Recently, the rapid rise of UML (Unified Modeling Language) has been accompanied by claims that UML by 

itself is an adequate approach for modeling any software application (Halpin, 2001). Moreover, some UML 

proponents claim that the modeling wars are over and that UML has won. To date, UML is mainly used in 

industry for designing object-oriented program code. Although it can be used for designing databases, it had 

little success in displacing other approaches such as ER for this purpose (Halpin, 2001).  However, (Halpin, 

2001) states that UML is a very important language that could well become popular for database design in the 

future. This sense, we address UML notation in the data-modeling context, especially because of the context and 

background information regarding this thesis problem and solution. 

The UML language was refined and extended by a consortium of several companies working within the Object 

Management Group (OMG)3. Version 1.1 of UML was adopted in November 1997 by OMG as a language for 

object-oriented analysis and design (Halpin, 2001). It had a major revision (2.0), and its current version is 2.3. 

As described by (Halpin, 2001), the UML notation includes a vast number of symbols, from which various 

diagrams may be constructed to model different perspectives of an application. The nine main diagram types 

according to the main perspectives are: 

Table 5.1 – UML perspectives and correspondent diagrams 

Perspective Diagrams 

Use case Use Case Diagram 

Static structure Class Diagram 

Object Diagram 

Behavior State Chart 

Activity Diagram 

Interaction Sequence Diagram 

Collaboration Diagram 

Implementation Component Diagram 

Deployment Diagram 

 

                                                             
3 For more information about the OMG, see www.omg.org  
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Besides the potential use of each diagram from the list above, we are only interested in those that support the 

objective that we are addressing, i.e. data modeling. Thus, we only specify the static structure perspective, which 

include both class and object diagram. As (Halpin, 2001) states, class diagrams are used for the data model, and 

object diagrams provide a limited means to discuss data populations. For example, in class diagrams one can 

declare whether an attribute is private, public or protected; what operations are encapsulated in an object; and 

whether an association can be navigated in one direction only. By omitting such implementation details, class 

diagrams can be used for analysis, and they provide an extended ER notation (Halpin, 2001). The same author 

states that attributes are great for logical models, but are best modeled as relationships when performing 

conceptual analysis, since it facilitates validation and minimizes the impact of change. He also states that the best 

way to develop UML data models is to first do an ORM model and then map it to UML. This sense, (Halpin, 

2001) refers that for specifying the logical design of a database, UML class diagrams offer no major benefits 

over traditional database design notations. 

As fully covered by (Halpin, 2001), that are several aspects regarding data modeling using UML notation, such 

as object reference, single-valued attributes, multivalued attributes, associations, subtyping, etc. However, 

considering the context and scope defined for this work, we will not address such detailing aspects. This sense, 

we are more interested in getting the reader a general understanding of UML, based on its notation for 

representing data models. 

 

Figure 5.2 – A simple example of UML data modeling (Halpin, 2001) 

Figure 5.2 illustrates a simple example of UML data modeling, extracted from (Halpin, 2001). Framing this 

representation in our research context, it is important to understand how are represented the main concepts that 

we have addressed regarding an IA. This sense, we can understand that an IE is represented as a box (e.g. Person, 

Paper), containing a set of attributes (e.g. personName, paperNr). Relationships are depicted with simple 

connectors, taking in consideration the cardinality (e.g. 1..*). 

5.1.3 ER modeling vs. UML modeling 

With the two data modeling approaches described, we think that is now interesting to analyze them taking in 

consideration both their key features and this work’s context. Thus, we focused this comparative analysis in the 

following vectors: association (binary and above) to be objectified into a class, regardless of its multiplic-
ity constraints. In particular, UML allows objectification of n:1 associations, unlike
ORM (see Figure 9.16).

ORM currently forbids such cases, mainly to encourage modelers to conceptualize
facts in elementary rather than compound form. For example, since each moon orbits
only one planet, we can specify its orbital period without having to mention its planet.
Hence ORM requires this case to be modeled using two separate fact types, as shown in
Figure 9.17. This also facilitates removal/addition of mandatory role constraints on the
fact types independently (e.g., the nested version has to be completely remodeled if we
now decide to keep period facts mandatory but make planet facts optional).

However, if an experienced modeler aware of the implications still finds it easier to
think about a situation as a nested n:1 association, there may be some argument for re-
laxing ORM’s restriction, just as we relaxed it for 1:1 cases such as current marriage to
avoid arbitrary decisions about relative importance. If enough people feel this way,
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• Entities representation. This vector aims to understand, in a comparative way, how well an entity is 

represented in the modeling language. 

• Attributes representation. This vector aims to understand how well the attributes are represented in the 

modeling language. 

• Relationships representation. This vector aims to understand how well the relationships are depicted in 

the modeling language. 

• Alignment with enterprise context. This last vector aims to frame the modeling language in this work’s 

context, especially the enterprise context. This vector raises with the restrictions of the IA model that 

we aim in our research. 

Table 5.2 – ER and UML comparative analysis 

 Entities Attributes Relationships Context 

ER Modeling ++ + ++ – 

UML Modeling ++ ++ + ++ 

 

Table 5.2 depicts the comparative analysis between ER modeling and UML modeling, using the analysis vectors 

described above. It is based in a comparative notation, from – to ++, meaning weak to strong support regarding 

the related vector. This analysis allows us to understand why the UML modeling language was the one that we 

picked in the solution proposed in this thesis. These languages are quite similar, but the ER modeling is actually 

stronger in depicting the relationships between entities. However, it lacks when considering our context, since as 

we describe forward, the work already developed in the IA area in the Portuguese Public Administration already 

uses UML modeling as basis. 

5.2 Enterprise Architecture Modeling 

Besides the data modeling approaches described above, we also think that is important to briefly describe two 

modeling approach for the Enterprise Architecture as a whole. These methodologies are framed in our research 

since they represent the closest notion of an IA methodology. In fact, they represent EA modeling approaches, 

which includes an information component that define some generic guidelines to define the IA. 

This sense, the following section presents a brief description of the Enterprise Architecture Planning and the 

Business Systems Planning. Our aim in this section is not to deeply describe these methodologies, but rather give 

the reader an overview, in order to use them in a comparative analysis with the work developed during our 

research. 
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5.2.1 Enterprise Architecture Planning 

The Enterprise Architecture Planning (EAP) is a methodology developed by Steven Spewak that uses and 

complements the Zachman framework (Zachman, A framework for information systems architecture, 1987), 

since it focuses on its two top levels (Spewak & Hill, 1993). Those are the levels directly connected to what the 

enterprise is, as opposed to the other four, which are more about the design, development and implementation. 

As described in (Spewak & Hill, 1993) and (Caetano, Sousa, & Vasconcelos, 2010), this methodology considers 

four levels in information systems architecture, corresponding to its four phases, described in Figure 5.3. The 

first layer is the initial planning, which aims to elaborate a working plane in seven different steps. The second 

layer is the “AS-IS” analysis, i.e. the understanding of where we are today, expressed by a Business Model and a 

list of the current Systems and Technology. The third layer is described as the “TO-BE”, and aims to depict its 

architecture in three different phases: an Information Architecture, an Application Architecture, and a 

Technology Architecture. Finally, the bottom layer includes the Implementation/Migration Plans, which consists 

in formulate and planning how the architectures will be implemented. 

 

Figure 5.3 – The EAP methodology (Spewak & Hill, 1993) 

Focusing on the third layer of this methodology, especially in IA, it proposes to identify and define the main 

types of data that support the business processes defined in the Business Model (Caetano, Sousa, & Vasconcelos, 

2010). It includes 4 basic steps: list the candidate entities; define the entities, its attributes and relations; relate 

the entities with the business processes; distribute the data architecture. 

5.2.2 Business Systems Planning 

The Business Systems Planning (BSP) is an information system planning study methodology that specifically 

employs enterprise analysis techniques in the course of their analysis (Zachman, 1982). It was developed by 

IBM Corporation, initially for internal use only, later made available to customers. Its focus on data and 

especially on processes was an entirely new way to view the firm and to build systems (Georgia State University, 

2005). 

The BSP is designed to define an IA for the organization under analysis. The basic building blocks of the 

architecture are (Georgia State University, 2005): 
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• Data Classes. Categories of logically related data are necessary to support the business. 

• Business Processes. Groups of logically related decisions and activities required to manage the 

resources of the business. 

Based on (Georgia State University, 2005), there are several steps in the BSP process. These steps include: 

define the data classes; define the business processes; using these data classes and business processes to define 

the IA; compare this architecture with the present systems and identify missing and/or needed systems. 

5.2.3 Critical Analysis 

Based on the description of these two methodologies for defining the EA, it is now convenient to critical analyze 

them, based on our work’s context. The main idea that should be retained from these two methodologies is their 

incompleteness taking in consideration the IA context. More particular, they both define the IA taking no 

concrete basis, which requires a component of subjective analysis regarding the organization context. They both 

set guidelines and explicit refer that we need to define the IE regarding the information context of the enterprises, 

but neither of them specifically refers how such IE should be defined. They are based on the processes identified, 

but we are not able to make a clear definition of them, based on concrete facts. This sense, we think that these 

methodologies are not as accurate as they should be in the identification and definition of an IA. 

This critical analysis should also be viewed as an initial discussion for the solution proposed for our work, which 

is depicted in the following chapters. 

5.3 Design and Engineering Methodology for Organizations (DEMO) 

DEMO (Design and Engineering Methodology for Organizations) is firstly a theory about the ‘construction’ and 

the ‘operation’ of organizations that is rooted in the Communicative Action Paradigm regarding human 

communication and action (Dietz, 2001). It is also a methodology for the design, engineering, and 

implementation of organizations and networks of organizations (Enterprise Engineering Institute, 2010). DEMO 

is based in the Ψ-theory (Hoogervorst & Dietz, 2008), and takes into consideration the organization theorem. 

 

Figure 5.4 – From the organization theorem to DEMO 
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5.3.1 The Benefits 

As stated by (Dietz, 2001), DEMO is essential, coherent, consistent, complete and modular. These are the main 

benefits presented by the author. The author as explains these benefits as follows: 

• Essential. DEMO brings forth the essence of an organization, fully independent from the way in which 

it is realized and implemented. That essence is highly stable and always up-to-date as it only shows 

which products (services) are delivered and what the structure of their corresponding business processes 

is, but not how these are implemented. 

• Coherent. DEMO considers an organization to consist of a coherent layered integration of three aspect-

organizations: the B-organization (business), the I-organization (information) and the D-organization 

(document). These constitute a coherent hierarchy, in which the I-organization supports the B-

organization and the D-organization supports the I-organization. 

• Consistent. The four aspect models of DEMO are perspectives under the same meta-model. Therefore 

the mutual consistency of the perspectives is naturally safeguarded. 

• Complete. The DEMO-transaction is a universal pattern of coordination acts that lead to the creation of 

one new production fact. It is the generic building block for all business processes. One can use it as a 

template for the design of business processes with the assurance that no (relevant) action or information 

will be overseen. 

• Modular. The combination of a transaction and the actor role that is its executor constitutes the 

'molecular' building block of organizations, whereas the transaction steps in the universal transaction 

structure are the 'atoms'. A business process is a tree structure of transactions. This modular structure 

offers a perfect alignment with component-based system development. 

• Objective. DEMO models are objective. Unlike other methods, DEMO does not leave room for 

'creativity' of modelers. Two modelers with the same instruction will come back with the same result. 

Thus DEMO guarantees reproducible models, which are independent from the 'modelers'. 

5.3.2 The Models 

The complete ontological model of an organization is understood as the model of its B-organization. It is 

composed by four distinct aspects models, which correspond to diagrams, tables and lists. According to (Dietz, 

2006), those four models are: the Construction Model, which includes the Interaction Model and the 

Interstriction Model; the Process Model; the Action Model; and the State Model. They are described in Figure 

5.5. In short, the triangle presented in this figure is nothing more but the top of the triangle presented in Figure 

4.18, in the previously chapter. It is important to refer that in DEMO the terms C-factum, P-statum and P-factum 

previously introduced are replaced by C-result, fact, and P-result or just result (Dietz, 2006). 
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Figure 5.5 – The ontological aspect models in DEMO (Dietz, 2006) 

The Construction Model (CM) specifies the construction of the organization. More specifically, it specifies the 

identified transaction types and the associated actor roles, as well as the information links between the actor roles 

and the information banks (Dietz, 2006) (the collective name for production and coordination banks). Since it is 

the top of the triangle in Figure 5.5, it is the most concise model, and there is nothing above it. It is sub-divided 

into two parts, namely the Interaction Model (IAM), which shows the active influences between actor roles, and 

the Interstriction Model (ISM), that shows the passive influences between actor roles. 

The Process Model (PM) contains, for each transaction type in the CM, its specific transaction pattern of the 

transaction type (Dietz, 2006). Taking in consideration the Ѱ-theory, it is nothing more than the complete 

transaction pattern, described in Figure 4.12 from the previously chapter (or at least a part of it). The PM also 

contains the casual and conditional relationships between transactions. This means that the PM specifies the state 

space as well as the transition space of the C-world (Dietz, 2006). The PM is considered to be the first level of 

detailing of the CM, in terms of detailing the identified transaction types. That is the reason why it shows up 

right below the CM in the triangle from Figure 5.5. 

The Action Model (AM) specifies the action rules that serve as guidelines for the actors in dealing with their 

agenda (Dietz, 2006). It contains the action rules for every agendum type, which are grouped according to the 

distinguished actor roles. The AM is the second level of detailing the CM, in terms of the identified steps in the 

PM of the transaction types in the CM. In terms of the ontological level of abstraction, there is nothing below the 

AM, which is placed at the bottom of the triangle from Figure 5.5. 

The Sate Model (SM) specifies the state space of the P-world, i.e. the object classes and fact types, the result 

types, and the ontological coexistence rules (Dietz, 2006). Since the transition space of the P-world is fully 

derived from the transition space of the C-world, it is not contained in the SM. The SM is directly based on the 

AM, since it specifies all object classes, fact types, and ontological coexistence rules that are contained in the 

AM. This is the reason why the SM is placed right above the AM in Figure 5.5. On the other hand, the SM is 

placed below the CM, at the same level of the PM, because it may also be viewed as the detailing of a part of the 

CM: the contents of the information banks, coordination and production banks. 

Construction Model

Process Model

Action Model

State ModelSMPM

AM

CM
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Figure 5.6 – The correspondent diagrams of the ontological aspect models (Dietz, 2006) 

 

Figure 5.7 – The correspondent tables of the ontological aspect models (Dietz, 2006) 

The diagrams and tables that materialize the models described above are represented in Figure 5.6 and Figure 5.7 

respectively. As stated by (Dietz, 2006), both the diagrams and tables can be viewed as a concretization of the 

understanding of an aspect of an organization presented in the four main models that DEMO considers, for the 

purpose of communication, or as a result from interpreting communicated diagrams and tables. 

5.3.3 Models Representation: WOSL and ORM 

The way in which these diagrams are expressed is the same presented by (Dietz, 2006) in the book regarding the 

EO. In this book, the author presents the World Ontology Specification Language (WOSL), which he refers as a 

language limited to the theory and methodology there presented.  

(Dietz, 2006) also refers that although the grammar of WOSL could be fully expressed in modal logic, it is more 

appropriate for the practical use of the language to apply a graphical notation. Because of the similarity between 

the ontology of a world and a conceptual schema of a database, we have adopted the graphical notation that is 

applied by one of the fact oriented conceptual modeling languages, namely ORM, as the basis. 

15.1 The Distinct Aspect Models 141

basis of the other aspect models since it contains all information that is

(also) contained in the CM, PM, and SM; but in a different, and not so eas-

ily accessible, way.

The State Model (SM) specifies the state space of the P-world: the ob-

ject classes and fact types, the result types, and the ontological coexistence

rules. The transition space of the P-world is not contained in the SM since

it is fully derivable from the transition space of the C-world. The SM is put

on top of the AM in Fig. 15.1 because it is directly based on the AM; it

specifies all object classes, fact types, and ontological coexistence rules

that are contained in the AM. On the other side, the SM is put just below

the CM (and therefore at the same level as the PM), because it may also be

viewed as the detailing of a part of the CM, namely, the contents of the in-

formation banks (coordination and production banks).

Fig. 15.2 The diagrams

Figure 15.2 shows the diagram types in which the aspect models are ex-

pressed, and Fig. 15.3 shows the three most useful cross-model table types

(note: one may conceive other cross-model tables if necessary or conven-

ient). The distinction we make between models on the one side and dia-

grams and tables on the other side corresponds with the distinction be-

tween conceptual system and symbolic system that we discussed in Chap.

7 (see Fig. 7.1). So, by (conceptual) model we mean the understanding of

an aspect of an organization, i.e., what is in one’s mind. This understand-

ing has been formulated into diagrams and tables for the purpose of com-

142 15 The Modeling Method

munication, or it is the result from interpreting communicated diagrams
and tables. The logical sequence of producing the aspect models is anti-
clockwise, starting with the interaction model (IAM).

Fig. 15.3 The cross-model tables

The first result of the method for eliciting the ingredients for an enter-
prise ontology from any kind of documentation, which will be discussed
shortly, is a list of the identified transaction types and the participating ac-
tor roles, as well as the identification of the boundary of the enterprise.
From this knowledge, the IAM can be made straight away. It is expressed
in an Actor Transaction Diagram (ATD) and a Transaction Result Table
(TRT). Next, the Process Structure Diagram (PSD) is produced, and after
that the Action Rule Specifications (ARS). The action rules are expressed
in a pseudo-algorithmic language, by which an optimal balance is achieved
between readability and preciseness. Next, the SM is produced, expressed
in an Object Fact Diagram (OFD) and an Object Property List (OPL).
Then, we are able to complete the PM with the Information Use Table
(IUT). Lastly, the ISM is produced, consisting of an Actor Bank Diagram
(ABD) and a Bank Contents Table (BCT). Usually the Actor Bank Dia-
gram is drawn as an extension of the Actor Transaction Diagram; together
they constitute the Organization Construction Diagram (OCD).
The general elicitation method to acquire the basis for a correct and

complete set of aspect models of an enterprise ontology consists of three
analysis and three synthesis steps. The starting point is all available docu-
mentation about the enterprise, of whatever kind, and in whatever form.
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As stated by (Halpin, 2001), the Object-Role Modeling (ORM) is the only fact oriented method with significant 

support in industry. It began in the early 1970s as a semantic modeling approach that views the world simply in 

terms of objects playing roles (parts in relationships). A simple example, adapted from (Halpin, 2001), is the 

reader that is now playing the role of reading this report, and the report is playing the role of being read. 

There are a variety of forms in which ORM appears, such as the natural-language information analysis method. 

ORM has appeared in a variety of forms such as the natural-language information analysis method (NIAM). The 

version discussed in (Halpin, 2001) is based on extensions to NIAM, and is almost the same as the one used in 

this research. 

 

Figure 5.8 – ORM diagram for room scheduling (Halpin, 2001) 

Figure 5.8 shows a simple example of an ORM diagram, using the referred notation. In ORM object types are 

shown as named ellipses, using solid lines for entity types (e.g., Room) and dashed lines for value types (e.g., 

ActivityName). Relationship types are depicted as a named sequence of one or more roles, where each role 

appears as a box connected to its object type. In ORM, relationships may be of any arity (1 = unary, 2 = binary, 3 

= ternary, etc.). The notations used in each model of DEMO are described in much more detail in an attachment 

of this report, since its size could impair the necessary legibility for this report, and its main purpose. 

5.3.4 The Methodology 

The way that this methodology is implemented, in terms of the order of the production of the aspect models, is 

anti-clockwise, starting with the IAM, as described by (Dietz, 2006). The first activity is to list the identified 

transaction types and the participating actor roles, as well as the boundary of the enterprise. From these contents, 

the IAM can be made straight away, expressed in the Actor Transaction Diagram (ATD) and the Transaction 

Result Table (TRT). Following this, the Process Structure Diagram (PSD) is produced, and after that the Action 

Rule Specifications (ARS). Next, the SM is produced, expressed in the Object Fact Diagram (OFD) and the 

Object Property List (OPL). Then the PM is completed, with the Information Use Table (IUT). Lastly, the ISM 

is produced, which consists of the Actor Bank Diagram (ABD) and the Bank Contents Table (BCT). The ABD is 

drawn as an extension of the ATD, and they constitute the Organization Construction Diagram (OCD). 

As described by (Dietz, 2006), the general elicitation method to acquire the basis for a correct and complete set 

of aspect models of an EO consists of three analysis and three synthesis steps. This initial point must use all 

documentation about enterprise, of whatever kind, and in whatever form. These initial steps are described in  

expert. These two verbalizations, one by the domain expert transformed into one by the
modeler, comprise steps 1a and 1b of ORM’s conceptual analysis procedure. Here we
verbalize sample data as fact instances that are then abstracted to fact types. Constraints
and perhaps derivation rules are then added and themselves validated by verbalization
and sample fact populations.

To get a feeling of how this works in ORM, suppose that our system is required
to output reports like Table 1.3. We ask the domain expert to read off the information
contained in the table, and then we rephrase this in formal English. For example, the
subject matter expert might read off the facts on the top row of the table as follows:
Room 20 at 9 a.m. Monday is booked for the activity ‘VMC’ which has the name
‘VisioModeler class’.

As modelers, we rephrase this into two elementary sentences, identifying each ob-
ject by a definite description: the Room numbered ‘20’ at the Time with day-hour-code
‘Mon 9 a.m.’ is booked for the Activity coded ‘VMC’; the Activity coded ‘VMC’ has
the ActivityName ‘VisioModeler class’. Once the domain expert agrees with this ver-
balization, we abstract from the fact instances to the fact types (i.e., the types or kinds
of fact). We might then depict this structure on an ORM diagram and populate it with
sample data as shown in Figure 1.3.

Entity types are shown in ORM as named ellipses and must have a reference
scheme, that is, a way for humans to refer to instances of that type. Simple reference
schemes may be shown in parentheses (e.g., “(nr)”), as an abbreviation of the relevant
association (e.g., Room has RoomNr). Value types such as character strings need no ref-
erence scheme and are shown as named, dashed ellipses (e.g., ActivityName). In ORM, a
role is a part played in a relationship or association. A relationship is shown as a named
sequence of one or more role boxes, each connected to the object type that plays it.
Here we have one ternary (three-role) association, Room at Time is booked for Activity, and
one binary association, Activity has ActivityName.

1.2 Modeling Approaches 9

ActivityName

has / refers to

Room
(nr)

... at ... is booked for ...

Time
(dh)

Activity
(code)

VMC
VMC

SP
...
AQD ?
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Mon 9 a.m.
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Mon 9 a.m.
Fri 5 p.m.
...
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ActiveQuery demo
Staff party
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SP
VMC
Y2K
...
SP
PTY

Figure 1.3 An ORM diagram for room scheduling, with sample and counter data.
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Table 5.3 – The six starting steps of DEMO methodology (Dietz, 2006) 

Name Type Description 

Performa-

Informa-Forma 
Analysis 

All available pieces of knowledge are divided in three sets, according to the 

distinction axiom. 

Coordination-

Actors-

Production 

Analysis 

The Performa items are divided into C-acts/results, P-acts/results, and actor 

roles, according to the operation axiom (Figure 4.10 from the previously 

chapter). 

Transaction 

Pattern 
Synthesis 

The transaction pattern, according to the transaction axiom, is juxtaposed over 

the results so far, in order to cluster them into transaction types. For every 

transaction type, the result type is precisely formulated and the TRT is produced. 

Result Structure Analysis 

According to the composition axiom, every transaction type of which an actor in 

the environment is the initiator may be conceived as delivering and end result to 

the environment. Generally, the executor of this transaction is initiator of one 

more other transaction types, and so on. The results of these cascade transactions 

can be viewed as components of the end result. 

Construction Synthesis 

For every transaction type, the initiating actor role(s) and the executing actor 

role are identified, based on the transaction axiom. This is the first step in 

producing the ATD. 

Organization Synthesis 

A definite choice has to be made as to what part of the construction will be taken 

as the organization to be studied and what part will become its environment. The 

ATD can now be finalized. 

5.3.5 Critical Analysis 

Based on the entire DEMO description depicted above, it is now important to describe its relation with our thesis, 

especially with the Information Architecture theme. This critical analysis aims to address that connection, taking 

in consideration that a more detailed discussion about this issue is performed in the following chapters, since that 

is the main problem underlying this research. 

The first important issue to address in this critical analysis is to understand how DEMO is related with IA 

(directly or indirectly). The main connection that we should establish between DEMO and the IA relies on 

DEMO’s models. From the characteristics that we are able to observe in DEMO models, that is one that stresses 

some aspects that should be connected to the IA context. The State Model, which includes the Object Fact 

Diagram, denotes some characteristics that should be related to the IA, such as the object classes. This is a 

particular example of an item from a DEMO model that can be linked to the IE from an IA models. Another 

example is also from the SM, now with the Object Property List. This table also includes some items (such as 

property types) that can be related to the Attributes defined for each IE in an IA model. 
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Based on this connection, we are now able to discuss the second issue that we consider important in this critical 

analysis. This second issue also stresses the motivation for DEMO to be part of this chapter, and a support for 

our work. The models provided by DEMO are not sufficient from an information context. As we were able to 

understand, the State Model is the one that is more related with an IA model, as we depicted above. However, 

this model does not represent an IA model, as it should, since it lacks in terms of the possible IEs, their attributes 

and relationships. The information contained in that model has some bases that are actually connected with an IA, 

but is not enough to define it. Actually, we can not find a model in DEMO that represent this set of items 

together, but rather we can find them dispersed in the models. 

These are only some examples of a brief comparison between DEMO models and IA models, which is a major 

subject regarding this research. This should allow the reader to have a starting point to the solution presented 

ahead, and understanding the reason why DEMO is addressed in our context. 

5.4 Data Modeling Mapping 

After addressing both the Data modeling and DEMO themes, it is now possible to understand how they are, 

somehow, connected. We were able to find in the literature a very interesting issue regarding this bridge, which 

focused on the mapping between the ‘modeling languages’ used by UML modeling and DEMO methodology. 

The following section covers this relation, which will allow the reader to have a notion of how it is established. 

It is also important to notice that, despite the fact that is not addressed in this report, the same literature that 

depicts the relation between UML and DEMO, also addresses the same link but using ER Modeling instead. 

Since the kind of models we aim for the solution of this work are more based in UML than in ER, we think that 

it is not relevant to address that theme. We rather prefer to focus on UML/DEMO relation. 

5.4.1 Mapping from ORM to UML 

As we previously addressed, the basic modeling language for DEMO models is WOSL, which uses the graphic 

notation of ORM to express them. This fact leads us to this relationship established by (Halpin, 2001) between 

ORM and UML, which enables us to understand how DEMO and UML models are connected. This author 

presents a set of specific mapping between the two notations, from which we will address the most relevant ones 

in this chapter, due to its importance for our solution. 

UML classifies instances into objects and data values. UML objects basically correspond to ORM entities, but 

are assumed to be identified by object identifiers. UML data values basically correspond to ORM values: they 

are constants (e.g., character strings or numbers) and hence require no object identifiers to establish their identity. 

Entity types in UML are called classes, and value types are called data types. A relationship instance in UML is 

called a link, and a relationship type is called an association. Wherever an attribute is used in UML, ORM uses a 
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relationship instead. In consequence, ORM diagrams are often larger than corresponding UML or ER diagrams. 

Figure 5.9 is an example of the mappings described. 

 

Figure 5.9 – ORM relationship types (a) depicted in UML (b) (Halpin, 2001) 

Another aspect regarding this mapping, which is quite important to our work’s context, is how we map 

associations. As described by (Halpin, 2001), for binary associations, there are four possible uniqueness 

constraint patterns (n:1, 1:n, 1:1, m:n) and four possible mandatory role patterns (only the left role mandatory, 

only the right role mandatory, both roles mandatory, both roles optional). Figure 5.10 depicts the most important 

equivalent constraints patterns in UML and ORM. 

 

Figure 5.10 – Equivalent constraint patterns in UML and ORM based on (Halpin, 2001) 

These are the basis for the mapping between ORM and UML. The work developed by (Halpin, 2001) has more 

detail regarding all the specific situations regarding ORM and UML notations particularities. However, 

considering our thesis objectives, we think that the aspects addressed are the ones needed to support the solution 

proposed in this work. 

Like other ER notations, UML allows relationships to be modeled as attributes. For
instance, in Figure 9.3(b) the Employee class has eight attributes. Classes in UML are
depicted as a named rectangle, optionally including other compartments for attributes
and operations. The corresponding ORM diagram is shown in Figure 9.3(a). ORM
models the world in terms of just objects and roles, and hence has only one data struc-
ture—the relationship type. This is a fundamental difference between ORM and UML
(and ER for that matter). Wherever an attribute is used in UML, ORM uses a relation-
ship instead. In consequence, ORM diagrams are often larger than corresponding UML
or ER diagrams, as Figure 9.3 illustrates. But this is a small price to pay for the result-
ing benefits. Before discussing these advantages, let’s see how to translate between the
relevant notations.

The ORM model indicates that employees are identified by their employee numbers.
The top three mandatory role constraints indicate that every employee in the database
must have a name, title, and sex. The circled black dot connecting two roles is a dis-
junctive mandatory role (or inclusive-or) constraint, indicating that these roles are col-
lectively mandatory (each employee has a social security number or passport number
or both).

In UML, attributes are mandatory by default. In the ORM model, the unary predi-
cate “smokes” is optional (not everybody has to smoke). UML does not support unary
relationships, so it models this instead as the Boolean attribute “isSmoker”. In UML
the domain of any attribute may optionally be displayed after it (preceded by a colon).
In this example, the domain is displayed only for the isSmoker attribute. By default,
ORM tools usually take a closed-world approach to unaries, which agrees with the
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..
..
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Figure 9.3 ORM relationship types (a) depicted as attributes in UML (b).
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5.5 The Portuguese Public Administration IA Modeling 

At last, we also think that is important to address another issue regarding the state of art related to our work. As 

we described in our work’s motivations, the prior objective for this work was the development of a Reference IA 

for the Portuguese Public Administration. The IA theme is not new in the Portuguese Public Administration. 

AMA had already started developing Reference IA to the Portuguese Public Administration, focused in 

identification, relationships and attendance (Agência para a Modernização Administrativa, 2009). 

The work developed has taken in consideration the fact that the relationships management is a common need 

among public organizations, no matter their dimension. The architecture describes the entities that are considered 

to be essential in order to registry and maintain attendance. This is an architecture that encompasses all 

organizations among public administration. It intends to be simple and generic, in order to be a basis to the 

definition of information architectures for each organization. It describes the IE needed to identify and execute 

contacts registration and cases in services providing processes, both for citizens and enterprises (Agência para a 

Modernização Administrativa, 2009). It aims to registry and consult the interactions (contacts) and orders (cases). 

The main objective of this architecture is to allow all the Public Administration entities to use the same 

“informational language”, enabling an easier and more accessible change of information (Agência para a 

Modernização Administrativa, 2009). This objective arises from the fact that the exchange of information 

between public administration entities is very common, and it is usually difficult and non-normalized. 

In order to describe the information entities selected and their relations, AMA based its work in an UML model, 

not depicting names for relations. That model, extracted from (Agência para a Modernização Administrativa, 

2009), is described in an attachment of this report. Together with this model, each entity and its attributes are 

also described in (Agência para a Modernização Administrativa, 2009), using tables for this purpose. 

5.5.1 Critical Analysis 

With the description from the Reference IA from AMA, we are now able to discuss it taking in consideration our 

work’s context. Thus, this critical analysis aims to depict the most relevant aspects that explain why this 

architecture is important for our research, and also its main weaknesses. 

Firstly, it is important to stress the importance of this architecture for this research. As we previously described, 

this Reference IA was the main purpose for our research. Actually, in a first moment, our objective was to 

improve it. However, and due to the shift performed in terms of our objectives, this architecture became more a 

motivation rather than a basis for our work. 

This architecture was developed based on a set of interactions between citizens/enterprises and the Portuguese 

Public Administration. These were those interactions that were defined to be the most important ones. However, 

our perspective stresses, once again, in the way that the IE that concrete those interactions were obtained. Once 

again, there is no concrete basis, and we need to take some subjective decisions in order to define the IA model. 
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This sense, we find that this architecture, despite the fact that is a Reference IA, still lacks in terms of a concrete 

support for the IE identified. 

In short, we found this architecture quite useful in order to guide our work. It allowed us to have a clearer view 

for our objectives, and also to guide our decisions, in terms of the practical support that we should use for our 

solution, in order to obtain a result that might be comparable. 

5.6 Summary 

In this second chapter regarding the literature for this work, we have addressed more practical notions. After this 

chapter, the reader should be able to understand the practical concepts that support our proposal, which represent 

the State of Art in our research’s context. 

 

Figure 5.11 – State of Art resume 

As Figure 5.11 resumes, the themes addressed in this chapter might be grouped according to their nature. This 

sense, the yellow concepts are regarding Enterprise Ontologies, such as DEMO and ORM. The blue concepts are 

regarding Data Modeling, such as UML and ER. The green ones are related to Data Modeling Mapping, such as 

ORM to UML mapping. Finally, the gray concepts are related to EA methodologies. 
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6 

Chapter 6: Solution Basis 

When the solution is simple, 

God is answering. 

ALBERT EINSTEIN 

 

 

n the previously chapters we have addressed two main fields that are considered to be the two pillars 

regarding this thesis solution. We have covered the theoretical and practical aspects regarding both the 

Information Architecture and Enterprise Ontology areas. From those theoretical notions and its practical 

concretizations (using the described methodologies and models) we will address, in the following chapters, the 

description of the solution proposed with this thesis. Firstly, in this chapter we will describe the proposed 

solution in a conceptual way, regarding its theoretical basis. This will allow the reader to understand the relation 

between the theoretical background described before, and the solution proposed with this research. 

6.1 The Generic Idea 

The generic idea for this solution is linking two different worlds, both regarding the enterprise-modeling context. 

Those two fields represent the two pillars of this solution, which are the Enterprise Information Architecture and 

the Enterprise Ontology. 

Taking in consideration all the aspects addressed in this this report regarding the referred two pillars for this 

solution, we might sum-up the proposed solution with three key words: Enterprise Ontology, DEMO 

methodology and Enterprise Information Architecture. With these keywords, we might define and summarize the 

proposed solution as 

[Solution Basis] 

Apply the Enterprise Ontology theory and the DEMO methodology in order to develop the Enterprise 

Information Architecture. 

I 
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6.2 The Objective: What Kind of Information Architecture? 

Before we can describe the proposed solution in theoretical terms, we found that is quite important to clearly 

define the Enterprise Information Architecture that we intend to obtain. That is quite important for the reader, 

since the IA field has various practical implementations, due to different modeling languages, such as those 

previously presented. This sense, we aim this section to clearly define the ‘kind of IA’ that we want, presenting 

our modeling decisions. 

As it was previously described, this research had its main motivation and context in the Portuguese Public 

Administration, due to its need for a Reference IA that describes its interaction with citizens and enterprises. It 

was also mentioned and presented in this report the current version of such architecture, which has followed 

certain specifications for its design. Those specifications might be summed up with Table 6.1. 

Table 6.1 – Information Architecture notations used 

IA Element UML Notation Tables Specification 

Information Entity × × 

Attribute × × 

Relationship ×  

 

As the above table shows, the referred IA already developed in the Portuguese Public Administration context is 

based in the UML notation and tables specification. The UML notation is only used to describe the IE and its 

Relationships. As it was previously described, usually the IA diagrams using UML also depict the IE’s 

Attributes. However, in this specific notation the Attributes are detailed using specification tables, which 

describe and detail the Attributes for each IE. 

Taking these specifications in consideration, our decision for this research was to take in consideration this 

approach. Due to this research context, we think it is convenient for us aiming an IA that follows the modeling 

notation previously used. This sense, the intended IA using the methodology that we are proposing is based on 

the same notations that Table 6.1 details. We aim to obtain a model that depicts the IE and its relationships using 

an UML notation. That model can contain Attributes, or they can also be described using tables for each IE. The 

decision to use tables will depend on the complexity for each IE. 

6.3 From the Ψ-Theory to Information Architecture 

Having defined the intended Information Architecture that we aim to obtain, it is now time to address in more 

detail the solution basis described above. More particularly, in this section we want to detail the theoretical 

concepts that support it. For this solution, we assume and use the Enterprise Ontology theory just as described by 



Chapter 6: Solution Basis 
 

 58 

(Dietz, 2006), based on its characteristics and advantages, as the author purposes. Thus, we should refer the Ψ-

theory as the main theoretical issue from the Enterprise Ontology. In theoretical terms, we have based our 

research in its elements, in order to understand how we could match its elements to the ones needed in Enterprise 

Information Architecture (as Figure 6.1 describes). 

 

Figure 6.1 – From the Ψ-theory elements to IA elements 

The picture above allows the reader to understand the first alignment that we tried to establish, in order to bridge 

a non-defined connection between the Ψ-theory concepts and those for the IA. The main concepts regarding the 

IA, as described before, include IE, attributes and relationships. Analyzing the concepts from the EO world, 

especially those from the Ψ-theory, our aim was to understand which of those might be the ones that allows us 

to identify and define IE, at the first place. Thus, IE are assumed to be the basis for an IA, and they are the ones 

that we aimed to identify firstly. 

From the concepts of the Ψ-theory, it is important to stress the transactions, defined in the Transaction Axiom by 

(Dietz, 2006), since we assume they are a key factor both for the Ψ-theory, but also for our solution’s design. 

During the first steps of our research, we were able to understand that transactions contained very relevant 

information that sums-up the way that a specific enterprise (or any other study case) works. From the 

transactions identified, we were able to have the big picture regarding the key elements that would later be the 

basis for an IA. This sense, in theoretical terms, our solution firstly proposes to identify IE and attributes based 

on the information contained in the EO transactions. As Figure 6.2 generally describes, we assume that we can 

establish a connection between the transaction’s content, and the IE and attributes to be defined in an IA. We 

assume this due to the way that transactions are defined, which includes the objects/artifacts that are dealt with 

by the actors involved. As we will address later, in practical terms we are not able to extract such information 

neither from the basic/standard pattern of a transaction or from transactions types and result types defined. We 

need to go further, in order to materialize this idea, but the theoretical support is defined in the relation between 

transactions and IE and its attributes. 
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Figure 6.2 – From transactions to Information Entities and Attributes 

The second connection that we were able to establish between the Ψ-theory and IA it is about the relations 

among transactions, which are a consequence of the ideas expressed in the Composition Axiom. Since every 

transaction encloses another (or is self-activated), it is possible to define the relations between transactions, 

which allows defining their composition. From this composition, we assume that we are able to determine 

possible relationships between the transactions previously identified. In general terms, we assume that IE 

identified in transactions that are somehow connected, might indicate that those IE also have a relationship. This 

idea is expressed in 

 

Figure 6.3 – From the Composition Axiom to Information Entities Relationships 

6.4 Summary 

In this chapter we presented our solution basis, adopting a more theoretical perspective. We have explained the 

notions that support out proposal, taking in consideration the main themes addressed. After this chapter, the 

10.1 The Basic Transaction Pattern 91

becomes explicit now is the time part of the proposition; they differ. In the
order conversation, the time is “asap” (as soon as possible). It must be con-
sidered as the default value that is rarely made explicit in the actual (verbal
or nonverbal) communication. The same holds for the value “now” in the
result conversation. To conclude the example, a few remarks should be
made. First, the standard notation reveals the context dependency of verbal
conversations. Second, instead of the default value “asap”, the client could
have said, for example, “tomorrow at noon”. Then the time value in the re-
sult conversation would be tomorrow at noon or perhaps a little later.
Third, the reader might ask himself or herself why the payment for the
flowers is omitted. The answer is that the example just did not contain the
payment, and that this would become another complete transaction. This
makes it at once also clear that, although the payment for some delivery of
goods or a service is mostly connected to it, this is not a necessity.
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Fig. 10.1 The basic pattern of a transaction

The example of buying a bouquet of flowers follows completely the ba-
sic pattern of a transaction, as exhibited in Fig. 10.1. An open or white box
represents a C-act type and an open or white disk represents a C-fact type.
A gray box represents a P-act type and a gray diamond a P-fact type. The
initial C-act is drawn with a bold line, as is the terminal C-fact. In the
background, the three phases are indicated. Every act and fact belongs to
one of them. The gray-colored frames, denoted by “initiator” and “execu-
tor” represent the responsibility areas of the two partaking actor roles.
Line 1 in the florist example corresponds with the request act and fact, line
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Fig. 11.2 The structure of enclosing a transaction

There exists another possible way in which a transaction is initiated, be-
sides being enclosed in some other transaction. This other way is called
self-activation. Figure 11.3 exhibits the general structure of self-activation.
From the state requested of T1, two acts are performed. One is the promise
of T1, performed by the executor of T1 (A1). The other act is the request
for a next T1, performed by the initiator of T1 (A0). This self-activation
structure is the generic solution for periodic activities, as for all control ac-
tivities. Suppose, for example, that in the bicycle manufacturing company
the stock control of purchased parts is done every month. Then T1 would
be the stock control transaction, and T2 the purchase transaction. Of
course, an arbitrary number of transactions T2 may be initiated. Since the
period between two consecutive transactions T1 is part of the proposition
of the next T1, this period may vary over time; it even may be dependent
on the kind of item to be purchased.
The two structures in Fig. 11.2 and 11.3 constitute the composition

axiom of the -theory. Expressed in words, it reads that every transaction
is enclosed in some other transaction, or is a customer transaction of the
organization under consideration, or is a self-activation transaction.
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reader should be able to understand how the theoretical background previously described supports our solution, 

and how we propose to interconnect the notions presented. 

The first thing described in this chapter is the generic idea that is proposed in our solution, which aims to apply 

the Enterprise Ontology theme to the Information Architecture universe. We then detail the kind of result that we 

aim with our proposal, defining the IA that we want. We finally present our proposal regarding the connection 

between Enterprise Ontologies and Information Architecture, which represents our theoretical solution, which 

will be materialized in the following chapter. 
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Chapter 7: Solution Architecture 

Any work of architecture that has with it some discussion, 

some polemic, I think is good. 

It shows that people are interested, 

people are involved. 

RICHARD MEIER 

 

 

fter presenting the solution basis in the previously chapter, in this chapter we aim to present the 

specific architecture for the solution. With this architecture we pretend to give a more concrete 

perspective on the solution, addressing in particular the parts and steps proposed for the proposed 

methodology for IA development. This chapter is divided in two main parts. The first one gives the reader the 

big picture of this architecture, gathering together all the parts involved. The second part, which comprehends 

three sections, specifies each main part of the proposed methodology. For each part of the methodology we will 

firstly describe it and then depict it into the activities that it includes. 

7.1 Architecture Big Picture 

Based on the theory that supports our solution, we can now describe the solution in more practical manners. 

From the EO transactions to IE, from transactions relations to IE relations, we now need to understand how that 

is proposed in practice. The generic idea comprehends the usage of DEMO methodology, especially its models. 

Based on such models, we propose to extract an UML model to be the basis to reach an IA. 

 

Figure 7.1 – Solution Architecture overview 

A 

7 
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Figure 7.1 describes the overview of the architecture proposed for our solution. As previously described, our 

proposal is a methodology for developing IAs. This picture depicts the three main parts of that methodology, 

which links DEMO to an IA. Part One is the basis, which includes the application of DEMO methodology, in 

order to get its models. Part Two uses the DEMO models (in particular de State Model), which are based in 

ORM notation, to extract an UML model. Part Three is the final step, which aims to perform the necessary 

adjustments to the UML model, in order for it to be an Information Architecture model. In the following sections 

we will address each part in more detail. 

7.2 Part I: Using DEMO 

The Part I of our proposed methodology is the one that allowed us to base our solution in the Enterprise 

Ontology theme. In order to do so, we have decided to use the DEMO methodology, which materializes that 

theory, presenting a set of steps, which allows obtaining the models that were previously described (containing 

both diagrams and tables). As the first part of our methodology, we propose to apply the DEMO methodology, 

just as it is described in (Dietz, 2006). However, taking in consideration our purpose, we do believe that we do 

not need the apply the DEMO methodology 100%, but instead we were able to identify those steps that we need 

to do so we obtain the models that we actually need as basis for the next steps. 

 

Figure 7.2 – Part I of our methodology in short, based on DEMO steps from (Dietz, 2006) 

Figure 7.2 represents the set of steps proposed by DEMO methodology, as described in (Dietz, 2006). As the 

picture depicts, we did not perform all the steps, since we actually do not need them all. Instead, we performed 

those that allowed us to obtain the necessary models for us to extract the Information Architecture. Our target, 

defined in the beginning, was the State Model, since it has a diagram expressed in ORM which allows to map to 
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UML models, as described in the next step. It also contains a table with important elements to be described as 

attributes for the IE identified. This sense, with this objective in mind, we performed only the previously 

necessary steps. According to the figure above, and using its colors, we might sum up the Part I of our proposed 

methodology dividing it in 3 different major steps: 

• Gray step: obtain an adequate DEMO text. This step is the first one, as is quite important since it will 

influence the entire DEMO application. The starting point for DEMO is a text, describing the case (the 

organization/enterprise). As (Dietz, 2006) states, it includes all the available documentation about the 

enterprise, of whatever kind, and in whatever form. 

• Yellow step: DEMO’s six initial steps. These are the steps that allow us to start developing the models, 

which obviously need to be performed before them. From these six steps, we did not directly perform 

the Construction Synthesis and the Organization Synthesis. In practice, they are part of the work done 

in the Interaction Model, but we did not take to much effort on explicitly perform these steps. 

• Blue steps: develop DEMO models. This is the core of DEMO methodology. This is where all the 

models are developed, including its tables and diagrams. From the five models we did not develop the 

last one, the Interstriction Model. This is the final model of DEMO, and has extra-detail elements, 

which we found not necessary for our next part of our solution. 

With DEMO methodology correctly applied, we are now able to move for the next part of our proposed solution, 

which is about mapping from the models obtained to UML models. 

7.2.1 Part I Activities 

Based on the description given above, we will now describe this first part of the methodology listing its main 

activities. With this description we aim to detail each step that one should take in order to apply this 

methodology. For each step we will detail: 

• Activity. The description of the activity to be performed in the correspondent step. 

• Objective. What we aim with the activity. 

• Actors. Who should be involved in the activity, directly and indirectly. 

• Input. The inputs we need to have before we start the activity. 

• Output. The expected output after performing the activity. 

• Tasks. Particular tasks that should be performed within the activity. 
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Using these items, Table 7.1 depicts the activities to be performed in Part I of the proposed methodology. 

Table 7.1 – Description of the activities included in Part I of the proposed methodology 

Activity Objective Actors Input Output Tasks 

1.1. Collect 

documentation for 

the scenario 

operation 

Obtain the 

necessary 

documentation 

about the 

scenario 

operation 

! Working 

team 

! Organizatio

n 

stakeholders 

× 
− The necessary 

documentation 

" Search and filter 

documentation 

obtained 

" Interview people 

(if necessary) 

" Observe people 

(if necessary) 

1.2. Write a 

DEMO text 

Obtain a 

DEMO text 

that describes 

the scenario 

! Working 

team 

! Organizatio

n 

stakeholders 

− Documents − DEMO text 

" Use and analyze 

the 

documentation 

" Resume into a 

unique text 

" Discuss the 

results with the 

organization 

stakeholders 

1.3. Performa-

Informa-Forma 

Analysis 

Separate 

Performa, 

Informa and 

Forma items 

! Working 

team 
− DEMO text 

− DEMO text 

with this 

analysis 

" Using DEMO 

text, highlight the 

distinct items 

(use DEMO 

methodology) 

1.4. Coordination-

Actors-Production 

Analysis 

Separate 

Actors, 

Coordination 

and 

Production 

acts/facts 

! Working 

team 
− DEMO text 

− DEMO text 

with this 

analysis 

" Using DEMO 

text, highlight the 

distinct items 

(use DEMO 

methodology) 

1.5. Transaction 

Pattern Synthesis 

Identify the 

transactions 

that sum up 

the scenario 

! Working 

team 

− DEMO text 

analyzed 

− List of 

transaction 

types and result 

types 

" Analyze the 

DEMO text with 

the previous 

analysis 

" List the 

transactions for 

the scenario 

operation 
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Activity Objective Actors Input Output Tasks 

" List result types 

for each 

transaction 

1.6. Result 

Structure Analysis 

Identify the 

relations and 

dependencies 

among the 

transactions 

! Working 

team 

− List of 

transactions 

− Result Structure 

Chart 

" Based on the 

identified 

transactions, 

design the chart 

with their 

dependencies/rela

tions 

1.7. Interaction 

Model design 

Design the 

Interaction 

Model 

! Working 

team 

− DEMO text 

analyzed 

− Transactions 

and results 

list 

− Transaction 

Result Table 

− Actor 

Transaction 

Diagram 

" Design the TRT 

(using DEMO) 

" Design the ATD 

(using DEMO) 

1.8. Process Model 

design 

Design the 

Process Model 

! Working 

team 

− DEMO text 

analyzed 

− IM 

− Process 

Structure 

Diagram 

− Information 

Use Table 

" Design the PSD 

(using DEMO) 

" Design the IUT 

(using DEMO) 

1.9. Action Model 

design 

Design the 

Action Model 

! Working 

team 

− DEMO text 

− PM 
− Action Rules 

" Define the Action 

Rules (using 

DEMO) 

1.10. State Model 

design 

Design the 

State Model 

! Working 

team 

− PM 

− AM 

− Object Property 

List 

− Object Fact 

Diagram 

" Design the OPL 

(using DEMO) 

" Design the OFD 

(using DEMO) 

7.3 Part II: From DEMO models to UML 

The Part II of our methodology is the one that, in practice, links DEMO to IA. This connection is performed 

using the ORM to UML mapping proposed by (Halpin, 2001), which we have previously introduced. 

Our fundamentals to use this mapping were initially based in an idea expressed by (Dietz, 2006). As we 

presented in DEMO chapter, the modeling notion used in this methodology is the ORM language. As (Dietz, 

2006) refers, there is a similarity between the ontology of a world and a conceptual schema of a database. This is 

the reason why he proposed to adopt the graphical notation that is applied by one of the fact oriented conceptual 
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modeling languages, namely ORM, as the basis. Based on this idea, we found useful to use the ORM to UML 

mapping proposed by (Halpin, 2001), as the linking factor, so we get a further step to achieve our intended IA. 

The practical way that we propose to this mapping is using our target from DEMO models, the State Model. In 

the State Model, we have the Object Fact Diagram and the Object Property List. From this model, and using the 

ORM to UML mapping, we propose to different steps in this part: 

• ORM to UML mapping with the OFD. In this step, we propose to use the OFD as the origin to the ORM 

to UML mapping, since the OFD is represented in ORM. We propose to use the mapping schema 

proposed by (Halpin, 2001), which was previously described. 

• Property Type to Attribute mapping with OPL. This is a complementary step, which is performed in 

order for us to obtain a more complete UML model. Based on the UML model obtained in the 

previously step, we propose to use the OPL table as a basis to complete the attributes for each IE 

identified. This sense, for each property type described in the OPL, and taking in consideration the 

correspondent object class, we propose that those property types are transposed to our UML model as 

attributes of the object classes, now ‘transformed’ to IE in the last step. 

 

Figure 7.3 – Part II of our proposed methodology in short 

The result fro this part of our proposal is a UML model based on the mappings performed from the State Model. 

This result is resumed in Figure 7.3, with the two different mappings proposed, the first one from (Halpin, 2001), 

and the second proposed by us, as part of our solution.  We did not assume that the UML model obtained in this 

part is actually an IA, since we were able to identify some additional steps that are needed to perform, in order to 

obtain an acceptable IA. 

7.3.1 Part II Activities 

Based on the description given above, we will now describe the second part of the methodology listing its main 

activities. With this description we aim to detail each step that one should take in order to apply this 

methodology. Using the items described before for each step, Table 7.2 depicts the activities to be performed in 

Part II of the proposed methodology. 

ORM to UML 
mapping"

• OFD"
• Halpin's mapping"

Property Type 
to Attribute 
mapping"

• OPL"
• Our proposed 
mapping"

UML Model"
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Table 7.2 – Description of the activities included in Part II of the proposed methodology 

Activity Objective Actors Input Output Tasks 

2.1. Mapping 

from the 

OFD to 

UML 

Obtain an UML 

model from the 

OFD 

! Working 

team 
− OFD − UML model 

" Apply the ORM to 

UML mapping to the 

OFD obtained before 

" Identify IE, 

attributes, relations 

and cardinality 

(based on this 

mapping) 

2.2. Mapping 

from the 

OPL to 

Attributes 

Complete the 

UML model with 

Attributes, based 

on the OPL 

! Working 

team 

− OPL 

− UML 

model 

− UML model 

with more 

detail 

" Apply the Property 

Type to Attributes 

mapping to the OPL, 

using the UML 

model 

7.4 Part III: From UML to IA 

This last part of our proposal, Part III, contains the necessary adjustments that we think we need to perform in 

order to obtain an acceptable IA, as we initially proposed. This part of our methodology might not contain the 

complete set of steps that are necessary, but it has, at least, those we identified as fundamental for our IA quality. 

Taking in consideration the related literature regarding the IA theme, and also with some feedback from the 

practical applications described in the next chapters, we found that we needed to perform an essential 

complementary step for our UML model obtained in the previously step to be considered in IA model. This step 

consists in defining, at least, a primary key (PK) for each IE identified in the UML model. This is a vital 

characteristic in an IA model that we propose to be developed in this phase, and this PK should have a concrete 

meaning in the business context. This sense, for each IE identified, we need to define this primary key taking in 

consideration three possibilities: 

• Use an attribute previously identified as the PK. If in the previously part we were able to identify an 

attribute that has the potentially to be PK, we should consider this option first. If any of the identified 

attributes has the necessary prerequisites to be a PK (i.e. it can uniquely identify the IE), we should 

define it as the PK. 

• Combine attributes to define as the PK. If it is not possible to use any of the identified attributes 

individually, we might need to combine them in order to define the PK. We should use the identified 

attributes, and understand in the business context what are the attributes that together can uniquely 

identify the IE. 
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• Add a new attribute to be the PK. If none of the previous options could be performed, we can optionally 

add a new attribute to the IE, as long as it has relevance and a meaning in the business context. Despite 

this possibility, it should only be taken as the last option of the three. 

 

Figure 7.4 – Part III of the proposed methodology in short 

Figure 7.4 presents a resume of these possibilities for defining a PK for each IE of the UML model. This is the 

resume of the Part III of our proposed methodology. 

7.4.1 Part III Activities 

Based on the description given above, we will now describe the third part of the methodology listing its main 

activities. With this description we aim to detail each step that one should take in order to apply this 

methodology. Using the items described before for each step, Table 7.3 depicts the activities to be performed in 

Part II of the proposed methodology. 

Table 7.3 – Description of the activities included in Part III of the proposed methodology 

Activity Objective Actors Input Output Tasks 

3.1. Define 

the PK 

for each 

IE 

Identify a PK for 

each IE in the 

UML model 

! Working 

team 

− UML model 

from Part II 
− IA model 

" Use one attribute 

individually as the PK 

for an IE 

" Combine attributes of 

an IE in order to have 

a consistent PK (if 

necessary) 

" Define a new attribute 

for an IE and define it 

as a PK (if necessary) 

Primary 
Key"

Individual 
identified 
attribute"

Combined 
identifed 
attributes"

New 
attribute"
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7.5 Summary 

In this chapter we presented the reader our solution in practical terms. We have materialized the solution basis 

from the previously chapter, depicting the architecture of our proposal. After this chapter, the reader should be 

able to understand what we are proposing in a practical manner. 

We have firstly introduced our solution, giving the reader a big picture of the proposed architecture for our 

solution, which is actually a proposal for a methodology. This methodology encompasses three main parts, 

which are described in the following sections. These parts include (1) the usage of DEMO methodology, (2) 

mapping from ORM to UML models, and (3) transforming the UML models in an IA model. 
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Chapter 8: Hypothesis Validation 

The logic of validation allows us to move between 

the two limits of dogmatism and skepticism. 

PAUL RICOUER 

 

 

n the previously chapters we have described what we are proposing, our methodology for defining the 

Information Architecture. This is the materialization of this thesis hypothesis that we initially presented. So 

now it is vital to understand the viability of this solution. This sense, this chapter presents the activities 

performed in order to validate the hypothesis. It describes and depicts the results from the practical cases 

implemented using our methodology, discussing those results according to our objectives. We firstly present a 

study case based on the related literature, which is our first attempt to implement our methodology. Then we 

present a practical case performed in a particular sector of the Portuguese Public Administration, were we were 

able to test our methodology in a much more practical and realistic environment. 

For each of the practical cases presented, it is important to refer that we only present essential parts of the entire 

process of applying the methodology. The sections of this chapter depict what we believe are the key elements of 

our methodology application. All the description provided is based on the activities defined in the previously 

chapter, which are numerated according to the corresponding part of the methodology. The reader is able to find 

this entire application in the attachments of this report, for a more detailed understanding. 

8.1 Context 

Before we present each of the case studies that we have developed, it is important to understand the motivations 

for picking this particular cases, the objectives with their development, and how we intend to use them in order 

to validate our solution. 

I 

8 
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8.1.1 Motivations 

The Library and the Balcão Perdi a Carteira cases were selected to implement our methodology for different 

reasons. We believe that these two cases together give us an acceptable way to test and validate our solution, so 

it is important to discuss the motivations for this decision. 

The first case presented, the Library, is an example extracted from the related literature. It was our first attempt 

to use our methodology to extract an IA. The library case is an example from (Dietz, 2006), which was initially 

used in the first phase of this thesis, in its project phase. Due to this fact, we found that was useful for us to use 

this case as our first practical case. 

The second case presented, the Balcão Perdi a Carteira, is a practical case study, framed in the Portuguese 

Public Administration. This case was suggested in the enterprise context of this thesis, since the project is 

AMA’s responsibility. This particular case was selected due to its characteristics, which include its actuality, and 

also the existence of a data model for its scenario, which was developed as a physical model for the database 

storage of the necessary information.  

8.1.2 Validation Objectives 

Along with the motivations for selecting these two cases, we have also defined some objectives for each one. 

These objectives are associated with the process that we have defined, in order to validate our proposed solution. 

The Library case has specific objectives, due to its nature. Due to its nature, it has one significant benefit over 

the other case selected. Since it is described in (Dietz, 2006), we were able to obtain the DEMO application from 

this source. This sense, we might assume that we have high quality models for this case (we will discuss this 

issue in more detail in the following sections). This fact allowed us to have a more consistent ‘DEMO 

environment’ in order to apply our methodology. This sense, this case aims to provide a concrete application of 

our proposed methodology based on DEMO models with a higher quality. With this case, we are able to discuss 

over results that are based in consistent DEMO models, assuming that their quality will have no negative impact 

in the final results. 

The second case study, the Balcão Perdi a Carteira has different characteristics. Since it is a practical case, we 

had to perform the entire work proposed by our methodology, from the development of a DEMO text, to its 

methodology application, and only then we were able to transpose to an IA. This fact turns the objectives 

underlying this case to be different. With this particular case study we intend to perform a comparative analysis 

using our final results. This comparative analysis was possible because it already exists another data model for 

this scenario. 
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8.1.3 Analysis Vectors 

In order to concrete these objectives, we have defined some vectors that will guide the validation analysis for 

each case study presented. We will use three main comparative vectors: 

• Documentation used for DEMO text production (Documentation). This vector intends to discuss the 

characteristics of the documentation used for producing the DEMO text obtained. We think this is an 

important issue to discuss, do to its influence in the rest of the work. 

• DEMO models quality (Models). This vector aims to address the DEMO models obtained, especially its 

correctness and quality. This is an important discussion, since our work to produce an IA is based in 

those models. 

• Comparative analysis of the IA model with prior models (Comparison). This is a very important 

discussion that should take place in order to validate our work. A very convenient and practical way to 

evaluate the IA model obtained (and consequently to validate our hypothesis) is to compare it with a 

prior IA model previously developed for the same practical case, but using another 

methodology/approach. This should allow us to make a direct comparative analysis, and understand the 

quality of our IA model. 

• IA model completeness according to the scenario (Completeness). Last but not least, this completeness 

analysis comes along with the previous vector. Despite the possibility to compare our IA model with 

another one previously developed for the same practical case, we might not have such comparative 

model, which will force us to evaluate our model independently. This sense, this vector aims to 

understand the completeness of the obtained model, taking in consideration the scenario of the practical 

case. This is the more subjective vector among all the presented ones. 

These analysis vectors were defined taking in consideration our work’s context, and the concrete issues that we 

need to address in order to validate it. The first two vectors intend to analyze the impact of DEMO in our 

methodology. We have defined these two vectors in order to discuss how the quality of DEMO impacts in the 

final results. 

The other two vectors are related with the final results of our methodology, and intend to evaluate them. These 

vectors intend to discuss how the final results are according to those we excepted. From these vectors is 

important to focus on the comparative analysis (the third vector). This vector was only used in our second case 

study, the Balcão Perdi a Carteira, since it was the only one that we had a model to compare with our results. 

Due to the characteristics of this model, which is a data model in a more physical layer (rather then the 

conceptual layer from our IA model), we have supported our comparison in the work developed by (Muller, 

1999). This author presents a mapping from UML to databases. This was the basis to compare our IA model 

(using UML) with the data model previously developed (which is a database model). 

Based on the discussion on the above vectors, we intend to obtain a consistent evaluation of the results obtained. 

This discussion intends to be the basis for validating our work, which is completed in the following chapter, with 

a more generic validation, taking in consideration our methodology as a whole. 
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8.2 Case Study I: The Library 

In the next sections we will detail all the important aspects regarding the first case study developed, the Library. 

We will first give a brief description of the case, and then we will present the results obtained and the 

correspondent discussion. 

8.2.1 Case Description 

The library described in this case is a small but autonomous public library of Delf town (Dietz, 2006). In this 

library some basic activities are performed, such as submitting a membership, books lending, membership fees 

payment, books shipments and stock control. The text describing this library case in more detail is part of the 

attachments of this report. This is the text that was used as the basis for implementing the DEMO methodology. 

8.2.2 Results 

As we previously referred, we are not presenting the detailed results in the body of this report, due to their 

extensibility. We prefer to present the reader some key parts of them, which will allow understanding what was 

done, and was obtained. More detailed results are included in the attachments of this report. 

Table 8.1 – Activity 1.7 from the proposed methodology: the TRT for the library case extracted from (Dietz, 
2006) 

 

Since this example is based on (Dietz, 2006) we already had all the Part I of the methodology done. Table 8.1 

depicts the TRT for the library case, which is part of the result of the activity 1.7 of our methodology. This is the 

basis for the rest of DEMO application, and it is also the basis for the extraction of IE for our IA. This table 

depicts the transactions that describe the library case, which include the main content that will support our IE 

identification. 

160 16 The Interaction Model

The interaction structure of an organization consists of the transaction

types in which the identified actor roles participate as initiator or executor.

It is expressed in an Actor Transaction Diagram (ATD) and a Transaction

Result Table (TRT). The legend of the Actor Transaction Diagram is

shown in Fig. 16.1.

16.1 The IAM of the Library

Let us take the library as the first example organization and try to build up

its IAM. As a result of applying the modeling method in Chap. 15, we have

ended up with the TRT, which is repeated in Table 16.1.

Table 16.1 The TRT of the library

transaction type result type

T01 membership registration R01 membership M has been started

T02 membership fee payment R02 the fee for membership M in year Y has been paid

T03 reduced fee approval R03 the reduced fee for M in year Y is approved

T04 loan start R04 loan L has been started

T05 book return R05 book copy C has been returned

T06 loan end R06 loan L has been ended

T07 return fine payment R07 the late return fine fee for loan L has been paid

T08 book shipment R08 shipment S has been performed

T09 stock control R09 the stock control for month M has been done

T10 annual fee control R10 the annual fee control for year Y has been done

Let us take one step back and assume that we have identified only the

interface transaction types, i.e., the transaction types of which one of the

participating actor roles belongs to the composition and the other belongs

to the environment. This set of interface transaction types is T01 through

T08.
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on requested T01(M) 

 if age(P) < minimal_age ≥ decline T01(M) 

 € age(P) € minimal_age ≥ promise T01(M) 

 fi 

if  

Another important step from the Part I of our methodology is the activity 1.9, which aims to define the action 

rules for the scenario. The pseudo-code above is part of the AM for the library, extracted from (Dietz, 2006). It is 

an example of an action rule, showing how the property types are defined and used (such as minimal_age). This 

action rules are based on the DEMO text and the PM previously designed. 

Table 8.2 – Activity 1.10 from the proposed methodology: the OPL extracted from (Dietz, 2006) 

 

 

Figure 8.1 – Activity 1.10 from the proposed methodology: a piece of the OFD (without the result types) 
extracted from (Dietz, 2006) 

The last activity from the Part I of our methodology aims to develop the SM for the scenario. Table 8.2 and 

Figure 8.1 represent the output of this activity 1.10. Table 8.2 depicts the OPL for this library scenario. This is 

the basis for the mapping from the property types to attributes, as previously proposed. Figure 8.1 depicts a small 

part of the OFD. This is the ORM model that will be used in the ORM to UML mapping proposed in our 

methodology. 

200 19 The State Model

19.1 The SM of the Library

In this section we will develop the state model of the library case. First, we

present the object classes and fact types, and the pertaining existential

laws. They are exhibited in Fig. 19.3. The fact types that are pure proper-

ties, i.e., mathematical functions mapping from an object class to a scale,

are listed in the Object Property List in Table 19.1.

Table 19.1 OPL of the library

property type object class scale

date_of_birth PERSON JULIAN DATE

age (*) PERSON NUMBER

#days_overdue (*) LOAN NUMBER

incurred_fine (*) LOAN EURO

minimal_age YEAR NUMBER

standard_fee YEAR EURO

reduced_fee YEAR EURO

normal_loan_period YEAR NUMBER

max_copies_in_loan YEAR NUMBER

daily_late_fine YEAR EURO

#books_of_shipment SHIPMENT NUMBER

#books_in_loan (*) MEMBERSHIP NUMBER

Figure 19.3 shows the three core categories, MEMBERSHIP, LOAN,

and SHIPMENT, of which instances are created by the library. There are

two external object classes: PERSON and BOOK. So, one has to consider

the extensions of these object classes as given. The corresponding OPL is

exhibited in Table 19.1.

Four of these properties are derived fact types, indicated by an asterisk

between brackets. The derivation rules are as follows:

age (P) = <current_date – date_of_birth(P), converted for calender>

#days_overdue(L) = start_date(L) + normal_loan_period – current date

#books_in_loan(M) = <sum total of copies in current loans of M>

incurred_fine(L) = #days_overdue(L) * daily_late_fine.
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Figure 8.2 – Activity 2.10 from the proposed methodology: from the SM to the UML model for the library case 

Based on the results from the Part I of our methodology, we can now perform Part II activities. This sense, 

Figure 8.2 depicts the result from the SM to UML mapping, which includes both activities 2.1 and 2.2. This 

picture also stresses some examples of how the SM was used (blue arrows represent the ORM to UML mapping, 

and yellow arrows the Property Type to Attribute mapping). In this model we have the IE identified, the 

correspondent attributes, and also its relations. In this model we also have already the cardinality associated with 

the constraint patterns identified in the ORM model from the OFD. 

 

Figure 8.3 – Activity 3.1 from the proposed methodology: the IA model for the library case 



Chapter 8: Hypothesis Validation 
 

 77 

Finally, Figure 8.3 represents the final IA model for the library study case, which includes the PK for each IE. 

This is the concrete application of activity 3.1 from our methodology. In this particular case, we opted to define a 

new attribute for each IE in order to be the PK, since those already defined were not adequate. 

8.2.3 Critical Analysis 

With the results description given above, we are now able to make a critical analysis of those results, taking in 

consideration the purpose of our work. Taking in consideration the analysis vectors described above, it is also 

important to refer that we think that it is important to consider the relevance for each analysis vector, depending 

on the case that is being analyzed. This sense, this critical analysis section considers two different dimensions for 

each analysis vector: its relevance (determined between not relevant, relevant and very relevant), which 

determines our evaluation on the importance of that vector in the considered case; its discussion, where we 

actually discuss the implications of the analysis vector in the results obtained. 

Table 8.3 – Critical Analysis for the library case study 

Analysis Vector Relevance Discussion 

Documentation Very Relevant 

In this first case study, we found that documentation is quite important, 

since we are considering a practical application of DEMO from the main 

source of the literature to that theme. This sense, we think that the quality 

and objectiveness for that documentation is in a very high level of quality. 

Models Very Relevant 

Along with the previously vector, also the DEMO models quality should 

be considered very relevant for this case study, due to its nature (extracted 

from the related literature). This sense, we are in position to consider 

these DEMO models with a very high quality, which represents, with no 

doubt, a problem for the rest of the work performed. This means that this 

case study has a great basis in terms of the DEMO models, which 

represents a great advantage for the subsequent steps of our proposed 

methodology. 

Comparison Not Relevant 

This comparative analysis that we propose in order to evaluate our results 

it is not possible to perform in this case. Unfortunately, and due to the 

nature of this case, we have no IA model for this scenario, which means 

that we were not able to compare the obtained model with another one 

that was developed in another way, rather than ours. 

Completeness Relevant 

Evaluating the obtained IA model with the scenario considered, we might 

conclude that the IEs identified, and the correspondent attributes, seem to 

be a good information basis that represent the most important data to be 

collected. Considering the activities performed in the library, and the 
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Analysis Vector Relevance Discussion 

information that is exchanged, we believe that the IEs identified represent 

this information, and together with the attributes and relationships 

represent a complete Information Architecture that could be used as basis 

for the development of a physical data storage model. 

 

8.3 Case Study II: Balcão Perdi a Carteira 

In the next sections we will detail all the important aspects regarding the second case study developed, the 

Balcão Perdi a Carteira. We will first give a brief description of the case, and then we will present the results 

obtained and the correspondent discussion. 

8.3.1 Case Description 

The Balcão Perdi a Carteira (BPC) is a service provided to all the Portuguese citizens, who live or not in 

Portuguese territory, which aims to facilitate reissuing a set of citizens identification documents in the presence 

of several Entities, including in case of its loss or theft and personal data changing. This service is provided 

when a citizen needs to get, at least, two documents among the set of available documents to be requested. 

The text describing the BPC case in more detail is part of the attachments of this report. This is the text that was 

used as the basis for implementing the DEMO methodology. 

8.3.2 Results 

As in the first case study, we will also not describe the whole and detailed results for this second case study in 

the body of this report. Contrariwise, we prefer to present the reader some extracts from the entire application of 

our proposed methodology. The complete application is detailed (including all the steps performed) as part of the 

attachments of this report. 

Table 8.4 – Activity 1.7 from the proposed methodology: TRT for the BPC case study 

Transaction type Result type 

T01  Document request R01  Request R for document D has been completed 

T02  Document prerequisites collection R02  Prerequisites P for document D have been collected 

T03  Document request stop R03  Document request R has been stopped with motive M 

T04  Document request resume R04  Document request R has been resumed 
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T05  Document request common data 
collection 

R05  Common data C for document request has been 
collected 

T06  Document request specific data 
collection 

R06  Specific data S for document request R has been 
collected 

T07  Document request data confirmation R07  Data for request R has been confirmed 

T08  Document request service payment R08  Payment value V has been charged 

T09  Document requests information 
exchange 

R09  Exchange information I has been exchanged with 
entity E 

T10  Cash management R10  Cash management for working day W has been 
performed 

 

Table 8.4 depicts the TRT for the BPC case study, which is part of the result of the activity 1.7 of our 

methodology. This is the basis for the rest of DEMO application, and it is also the basis for the extraction of IE 

for our IA. This table depicts the transactions that describe the BPC operation, which include the main content 

that will support our IE identification. 

on stated T10(W) 

 if < box values are ok > and < values from SVD and CC have been separated >   
  and < total amount is ok > ≥ accept T10(W) 

 € not < box values are ok > or not < values from SVD > or not 

  < CC have been separated > or not < total amount is ok > ≥ reject T10(W) 

 fi 

no 

Another important step from the Part I of our methodology is the activity 1.9, which aims to define the action 

rules for the scenario. The pseudo-code above is part of the AM for the BPC. It is an example of an action rule 

for this case. This is an example of how the property types  (such as total_amount) are defined and used in this 

model, which will be important in the attributes identification. 

Table 8.5 – Activity 1.10 from the proposed methodology: the OPL for the BPC case study 

property type object class scale 

photo PREREQUISITES BOOLEAN 

citizen_card PREREQUISITES NUMBER 

driving_license PREREQUISITES BOOLEAN 

parish_council_proof PREREQUISITES BOOLEAN 

tax_id PREREQUISITES NUMBER 

single_vehicle_doc PREREQUISITES BOOLEAN 
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property type object class scale 

auth_participation COMMON_DATA BOOLEAN 

DL_state COMMON_DATA BOOLEAN 

SVD_form COMMON_DATA BOOLEAN 

citizen_address SPECIFIC_DATA ADDRESS 

doc_number SPECIFIC_DATA NUMBER 

citizen _category SPECIFIC_DATA CATEGORY 

actual_doc_issuer SPECIFIC_DATA NUMBER 

alternative_address SPECIFIC_DATA ADDRESS 

fiscal_allocation SPECIFIC_DATA ADDRESS 

social_payment_number SPECIFIC_DATA NUMBER 

box_value WORKING_DAY EURO 

SVD_value WORKING_DAY EURO 

CC_value WORKING_DAY EURO 

total_amount WORKING DAY EURO 

 

 

Figure 8.4 – Activity 1.10 from the proposed methodology: a part of the OFD of the BPC case study 

The last activity from the Part I of our methodology aims to develop the SM for the scenario. Table 8.5 and 

Figure 8.4 represent the output of this activity 1.10. Table 8.5 depicts the OPL for the BPC study case. This is 

the basis for the mapping from the property types to attributes, as previously proposed. Figure 8.4 depicts a small 

part of the OFD for the BPC case. This is the ORM model that will be used in the ORM to UML mapping 

proposed in our methodology. 
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Figure 8.5 – Activity 2.10 from the proposed methodology: from the SM to the UML model for the BPC case 

Based on the results from the Part I of our methodology, we can now perform Part II activities. This sense, 

Figure 8.5 depicts the result from the SM to UML mapping, which includes both activities 2.1 and 2.2. This 

picture also stresses some examples of how the SM was used (blue arrows represent the ORM to UML mapping, 

and yellow arrows the Property Type to Attribute mapping). In this model we have the IE identified, the 

correspondent attributes, and also its relations. In this model we also have already the cardinality associated with 

the constraint patterns identified in the ORM model from the OFD. 
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Figure 8.6 – Activity 3.1 from the proposed methodology: the IA final model for the BPC case 

Finally, Figure 8.6 represents the final IA model for the BPC case, which includes the PK for each IE. In this 

particular case, we opted to define a new attribute for some IE in order to be the PK, and for the others we used 

attributes previously defined. This is the concrete application of activity 3.1 from our methodology. 

8.3.3 Critical Analysis 

With the results description given above, we are now able to make a critical analysis of those results, taking in 

consideration the purpose of our work. In order to do this critical analysis, we will use the analysis vectors 

presented in the critical analysis for the library case. 
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Table 8.6 – Critical analysis for the BPC case 

Analysis Vector Relevance Discussion 

Documentation Very Relevant 

This is an important issue regarding this case study. The documentation used 

for producing a DEMO text describing BPC operation was the one provided by 

AMA, which includes an operation manual. This was the basis document used. 

However, we were able to find that this operation manual, and the entire way 

of operating in BPC is very focused and directed to the application that 

supports that operation. This sense, we think that is important to refer that this 

situation might have important implications in the rest of the methodology. In 

particular, this ‘application orientation’ might had led us to different results, as 

if we had instead had documentation that could be more independent from that 

application. 

Models Relevant 

The models produced applying DEMO methodology were based in the DEMO 

text produced (which quality is addressed in the previously analysis vector). 

During our work, we applied DEMO methodology as proposed by (Dietz, 

2006), and we have obtained the correspondent models, taking in 

considerations the limitations previously described (for the documentation 

provided). This sense, we think that those limitations should also be considered 

in the quality of the DEMO models obtained. However, since our main 

objective was not to have high-quality DEMO models, we preferred to put our 

great effort in mapping from those models to UML in order to obtain an IA 

that illustrates the scenario. 

Comparison Very Relevant 

In the BPC case study we were able to perform this comparative analysis. It is 

depicted after this discussion table. This is a very relevant analysis, since it 

allows us to compare the obtained IA model with something that previously 

existed. However, the main problem associated with this comparison is the fact 

that the model that already existed is a data model, which is represented in a 

much more physical layer, rather then the concept layer that we aim in an IA. 

In order to perform this comparative analysis, which is detailed in Figure 8.7, 

we used the notions depicted by (Muller, 1999). According to this author, we 

can map an UML model into a database model (a physical data model). This 

author states that each entity from an UML model will be materialized into a 

table in a database. Taking this mapping notion into consideration, we have 

performed this comparative analysis based on the entities from the UML model 

from our IA, and the tables depicted in the data model previously developed 

for the BPC. We might conclude that we were only not able to map one entity 

from our IA model, and also there is a table from the BPC that model that does 

not map with any of our IE. The others are all mapped, which might let us to 
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Analysis Vector Relevance Discussion 

conclude that our IA model seems to be adjusted to the scenario. 

We think that this comparison is important to evaluate and validate our work, 

but it should always take in consideration the gap that actually exists between 

the two models that are compared. 

Completeness Relevant 

Besides the comparative analysis, we also think that the obtained model 

describes the scenario presented for BPC, since it seems to have the essential 

IEs that describe the relevant information that supports the BPC operation. 

This completeness can also be supported with the conclusions depicted before 

for the comparative analysis, regarding the number of entities that are mapped 

to the BPC data model. 

 

 

Figure 8.7 – Comparative analysis between IA model obtained and BPC data model 
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As addressed in Table 8.6, Figure 8.7 depicts the comparative analysis between the IA model obtained and the 

BPC data model previously developed. This analysis is based on the IE identified in the IA model, and the tables 

detailed in the data model (we have not considered some specific tables that addressed technological aspects of 

the BPC system in use). The colors depict the mapping between both models, each color for each IE from the IA 

model. In order for the reader to have a better comprehension of the alignment between the two models, Table 

8.7 depicts a simple analysis of the percentage of IE from the IA that are aligned with the tables from the BPC 

data model. 

Table 8.7 – Simple alignment analysis between BPC IA model and BPC data model 

Number of IE 

from the IA model 

(#IE) 

Number of tables 

considered from 

the data model 

Number of IE 

aligned with tables 

(#aligned) 

Number of IE not 

aligned with tables 

(#not aligned) 

% of IE aligned 

(#aligned/#IE) 

9 15 8 1 ≈ 88,9% 

8.4 Summary 

In this chapter we have presented two practical cases in order to evaluate and validate our purpose. These two 

cases are with different natures, but they both intend to materialize our solution. After this chapter, the reader 

should be able to observe tis materialization, and be able to understand the validation for our solution. 

The first case presented is a case study from the related literature. This example allowed us to use DEMO 

models previously developed. The second case, which is framed in our enterprise context, was developed from 

the beginning. It is very relevant, since it allowed us to make a comparative analysis of the obtained IA model 

with another model regarding the physical data model actually implemented for that case. 
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Chapter 9: Discussion 

A scientist’s aim in a discussion with his colleagues 

is not to persuade, but to clarify. 

LEO SZILARD 

 

 

n the previous chapter we presented two practical cases, in order to evaluate and validate the results 

obtained by applying our proposed methodology. In that chapter, we have made a critical analysis where 

we discussed those results. In this chapter we aim to discuss this thesis in a broader context, using the 

scientific questions defined and the hypothesis stated as a basis for such discussion. We will also make a 

comparative analysis with some other possible methodologies for defining the IA (such as the EAP and the BSP), 

in order to understand the added value from our methodology. This is a very important chapter for our work, 

since it contains the main findings that we were able to gather during our research. 

9.1 Scientific Questions Discussion 

Our first discussion takes in consideration the scientific questions defined at the beginning of our research. Table 

9.1 makes this discussion, considering each one of the three scientific questions. 

Table 9.1 – Scientific questions discussion 

Scientific Question Findings 

1. How might Enterprise 

Ontologies be used for an 

Information Architecture 

definition? 

During our research we were able to identify the theoretical bridges 

between Enterprise Ontologies and Information Architecture. As we 

presented in our solution, we were able to use the transactions that support 

Enterprise Ontologies as the basis for identifying Information Entities. We 

were also able to understand that the relation between transactions also 

has a consequence in relations between Enterprise Entities that are 

identified in the correspondent transactions. Despite this connection in 

I 

9 
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Scientific Question Findings 

theoretical terms, our main findings to connect Enterprise Ontologies to 

Information Architectures are reflected in practical terms, using DEMO 

methodology. 

2. How might DEMO 

methodology be used as part 

of a methodology to develop 

an Information Architecture? 

Our research in order to understand how to develop an Information 

Architecture based on Enterprise Ontologies had the most concrete 

findings when considering the DEMO methodology as the materialization 

of the Enterprise Ontologies theme. We were able to understand how to 

use the models produced by DEMO in order to identify Information 

Entities, Attributes and Relationships, so we can get an Information 

Architecture model. This identification found the State Model as a key 

element, since it has the elements that we need to use the ORM to UML 

mapping found in the literature. This mapping schema starts in the ORM 

notation, which is the one used in the OFD of the SM. From the OFD we 

are able to transform it to an UML diagram, which is the basis for the IA 

model. Also using the OPL from the SM, we presented a way to map the 

property types to Attributes, in order to complete the UML model 

obtained. Based on this, and performing some additional steps, we were 

able to obtain an IA model that we found adequate. This set of steps are 

the basis findings in order to link DEMO and Information Architecture. 

All of the connection between DEMO and the IA are supported in our two 

study cases, which are our concrete implementation of the methodology 

that we propose to use to develop the IA. We were able to obtain a 

consistent IA model, which is in fact based in the DEMO models designed 

for the correspondent scenarios. 

Another important aspects regarding this question is the belief that, using 

DEMO methodology to develop an IA we are able to conclude that this 

architecture possesses the benefits that are pointed to DEMO 

methodology. As referred in the literature, DEMO is essential, coherent, 

consistent, complete, modular and objective. As we use DEMO as the 

basis for our methodology, we might state that these benefits are 

transposed to our results, i.e. our IA. 

3. How might Information 

Entities be identified based on 

transactions that support 

Enterprise Ontologies? 

After finishing the whole work associated with this thesis, we think that 

the answer to this question was not as direct as we initially thought. The 

relation between transactions from Enterprise Ontologies and Information 

Entities from Information Architecture is not as direct as we could 

possible think. In order to link these two notions, we had to get a more 

concrete environment, namely the DEMO methodology and its models. 
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Scientific Question Findings 

After mapping from DEMO SM (using ORM) to UML, and looking back 

to the transactions identified, we actually understood that the IE identified 

are (most of them) included in those transactions. In practice, the SM 

includes information which basis comes from the transaction, which are 

the basis for all the models produced in DEMO. 

Considering our case studies, we also were able to verify the relation 

between transactions and the IA. Actually, and after finishing this case 

studies and looking back to the transactions defined, we might identify the 

major of our IE in those transactions. In fact, those transactions are the 

resume of the operation of the scenario considered, and include the basis 

of the IA model that we have reached in the end. 

9.2 Hypothesis Discussion 

Since we have stated our thesis hypothesis based on the scientific questions defined, the discussion based on this 

hypothesis comes as a consequence of the discussion in the previously section. Taking that discussion in 

consideration, Table 9.2 addresses the results found for each hypothesis. These results discussion is based in our 

understanding of how each hypothesis has been validated. 

Table 9.2 – Hypothesis discussion 

Hypothesis Results 

1. The Enterprise Information 

Architecture can be defined 

based on the Enterprise 

Ontology Theory. 

With the results obtained, we are able to state that this hypothesis was 

validated. With the solution proposed, we were able to define a consistent 

way to relate the EO with the IA. We have defined a theoretical relation 

between the concepts from EO with the main concepts of the IA. Using 

our practical cases, we were able to use the EO notions in order to extract 

a consistent IA model. The validation performed for each case study is our 

main support to state that this hypothesis was proven, i.e. that the IA can 

be defined based on the EO theory. 

2. The DEMO methodology can 

be used as a starting point to 

define a methodology for 

defining the Enterprise 

Information Architecture. 

This hypothesis should be viewed as the main hypothesis that was 

validated and supported with our research. Our methodology is a direct 

answer to the scientific question associated with this hypothesis, and it is 

the proof for this hypothesis. The methodology proposed as an initial part 

that involves applying the DEMO methodology. The subsequent parts of 

the methodologies are based in the models obtained with this application. 

This sense, the final results obtained in our case studies (the IA models) 
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Hypothesis Results 

are based, in a first moment, in DEMO models. This actually allows us to 

state that the IA can be defined using DEMO methodology as a starting 

point. 

3. The Enterprise Information 

Architecture can be defined 

based on the transactions that 

support the Enterprise 

Ontology theory. 

This last hypothesis is probably the most conceptual one. It is not 

supported so directly by our study cases, but it still was able to prove with 

our research. As we discussed in the previously section, the IA model 

obtained is essentially based in the transactions initially defined for each 

scenario. This means that the DEMO models used to extract the IA model 

are supported in those transactions. Consequently, the IA model is also 

supported in those transactions, which actually include direct references to 

the IE identified. With this idea in mind, we also assume that we are in 

position to assume that this hypothesis was validated with our work, i.e. 

that the IA can be defined based on the transactions that support the EO 

theory. However, in practice, this support is not direct, but instead based 

in DEMO methodology. 

9.3 Comparative Analysis with Related Methodologies 

Last but not the least, we think that is quite important to understand the added value associated with our work, 

comparing it with the alternatives from the state of art. As we have stated previously in this report, we were not 

able to identify, in the related literature, concrete methodologies for defining the IA. In particular, we were only 

able to find some methodologies for defining the EA, which include a part that was related to the IA. These 

methodologies were addressed in the State of Art chapter (Chapter 5), and are the EAP and the BSP. Using these 

methodologies as a comparative basis, we will discuss how we believe that our methodology differs from those, 

what are its added value and strengths. In order to have a more complete analysis, we will also use DEMO 

methodology (individually) as a third comparative methodology. 

Table 9.3 sums up this comparative analysis, and also depicts what we believe that are the strengths/added value 

provided by our methodology, comparing it with the related methodologies considered. 

Table 9.3 – Comparative analysis of the proposed methodology with related methodologies 

Methodology Comparative Analysis Strengths/Added Value 

EAP 

The EAP is a methodology for defining the EA. It 

includes small references to define an IA. Our 

methodology is specifically defined to define the 

IA. It has concrete set of steps to be followed in 

order to obtain an IA model. It differs from the 

+ Our methodology is dedicated to 

the Information Architecture 

definition 

+ Our methodology is based on 
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Methodology Comparative Analysis Strengths/Added Value 

EAP since it is much more focused in the 

information context. The EAP gives us no 

practical methodology to identify and define IE, 

its attributes and relationships. 

concrete inputs, which requires no 

subjective judgment (besides the 

one required by DEMO 

methodology). This includes 

practical steps to do these tasks. 

BSP 

As in the EAP, the BSP is also a methodology for 

the enterprise as a whole, which is not focused in 

the information theme. This methodology also has 

some guidelines for defining data classes to 

support the business system planning. In fact, this 

methodology aims to be based in the information 

context. However, once again, it provides no 

direct methodology to identify and define the IE 

that supports such an IA. 

+ Our methodology is dedicated to 

the Information Architecture 

definition 

+ Our methodology is based on 

concrete inputs, which requires no 

subjective judgment for defining 

the IE, attributes and relations. This 

includes practical steps to do these 

tasks. 

DEMO 

Our methodology can also be compared to 

DEMO. DEMO aims to be a methodology to the 

design and engineering for organizations. This 

also includes the information theme, which is 

spread in the models developed. However, it does 

not explicitly builds a model that represents an 

IA. This is the main difference for our 

methodology, which using DEMO enables to 

define this IA. In fact, our methodology intends to 

use the information from DEMO models, putting 

it all together in a single IA model. 

+ Our methodology allows creating a 

unique IA model with the 

information from DEMO models. 

This is a model that is not included 

in DEMO 

9.4 Summary 

In this chapter we have addressed the main issues regarding the discussion of our results. This discussion was 

based in three main pillars, which include (1) discuss the scientific questions defined at the beginning of the 

research, (2) discuss the hypothesis stated for this research, and (3) discuss our methodology comparing it to 

related methodologies. All of these discussions were based in our proposed methodology, especially in its results, 

which are materialized in our study cases and the correspondent results and validation. 

After reading this chapter, the reader should be able to comprehend what we have accomplished with our work, 

in particular how we have achieved the objectives defined, based on the scientific questions and hypothesis. 
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Chapter 10: Conclusions 

A conclusion is the place where you got tired of thinking. 

ARTHUR BLOCH 

 

 

s a response to the awareness of the importance of information among organizations, AMA is 

developing an Information Architecture that might be used as a reference in the Portuguese Public 

Administration context. This architecture has an important role in order to provide the most important 

Information Entities that transverse this wide spectrum. Those entities are the ones that describe the interactions 

between citizens/enterprises and the public administration. Several efforts have been done in order to create that 

Information Architecture, and some other to improve its quality. However, the actual architecture is still in 

development, and AMA expects it to have a higher quality, describing even better those interactions. 

The work detailed in this report describes a research that was conducted framed in a MsC thesis, and which took 

part in this architecture development. Due to our findings during the project phase for this work, we were able to 

identify a prior problem regarding this subject. We could not find in the related literature an objective support to 

develop neither a simple Information Architecture (without being a reference one). This sense, we defined our 

objective for this work to contribute to develop that issue. We focused our effort in defining a new methodology 

to develop and define Information Architectures. This leads us to a change in our scope, but keeping the main 

motivation of this work. 

In order to accomplish this ‘new objective’, we have decided to follow a different approach, which would bring 

to our solution a parallel world. We have introduced the Enterprise Ontology theme into the Information 

Architecture context, in order to understand how this subject could be used in order to achieve our objective. 

Joining these two worlds, we propose a new methodology for defining Information Architecture, which is based 

on the usage of DEMO methodology, which is a concrete materialization of the Enterprise Ontology theme. 

Based on the models provided by this methodology, we purpose to apply a mapping schema, which allows us to 

obtain an Information Model based on Information Entities, related to each other, and containing all relevant 

attributes. 

A 
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This report is the result of all the work developed during our research, which encompassed two main phases. The 

first one (the project) included a deep investigation regarding the literature related to our work. Based on this 

investigation phase, we were able to define a proposal, which objective was to implement and materialize in the 

second part of the research (the dissertation). This report details all the relevant aspects regarding this work, 

including the literature resume, the solution proposed, and its validation. 

10.1 Contributions 

Based on all the work developed during our research, we are now able to clearly state the main contributions that 

we believe that we contributed with. Those main contributions are: 

• A concrete and practical methodology for defining the Enterprise Information Architecture. This is the 

main contribution from our research, which is reflected in this report with the detailed description of the 

proposed methodology, and two study cases in which we apply that methodology. We were also able to 

discuss and evaluate the results from those study cases, which supports and validate what we propose. 

This methodology is the main output of our work, and is an artifact that, with some additional work 

(which is suggested in the following chapter) might represent a valid solution when defining the IA of 

an organization/scenario. This could be particular relevant in the Portuguese Public Administration 

context, in which our research was framed. 

• A relation between the Enterprise Ontologies and the Information Architecture themes. With the 

methodology that we are proposing, we are also contributing in a more theoretical context. Since our 

methodology uses DEMO as the starting point, we are actually establishing a relation between the 

Enterprise Ontology (which is DEMO’s theoretical support) theme and the Information Architecture 

theme. Our solution depicts how might an IA be based in DEMO models, meaning that we are stating 

that an IA can be based in EO concepts. 

• The development of the Enterprise Ontology theme among the Portuguese Public Administration. This 

contribution arose as a consequence of the work that we developed. The Enterprise Ontology theme is 

‘recent’, especially among the Portuguese Public Administration, since it is not widely used. Since our 

motivations and one of our study cases are framed in the Portuguese Public Administration, we were 

able to contribute to the development and use of the EO in this context, especially with the use of 

DEMO in the BPC. With this contribution, we have developed an example of how use EO and DEMO 

in this context, as a methodology for design and engineering for organizations. Since this was not our 

major objective, we consider it as a secondary contribution. 

Along with those main contributions, there was a set of documents that were produced during this research, 

which materialized, in one way or another, the results that were obtained: 

• An article and a poster regarding the project that preceded to the development of the dissertation for 

this thesis, which was submitted to the ECIME 2011 conference. Both the article and poster were 

accepted and published in the conference proceedings; 
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• An abstract to support a possible article to be submitted to the ICIME 2012 conference. This article 

objective was to present the proposed solution for this work, using the case study from the related 

literature to better explain it. This abstract was accepted, and the correspondent article was 

submitted; 

• An article that was submitted to CAISE 2012 conference. This article objective was to present the 

proposed solution of this work, using a practical case study developed during the research as a 

practical example to support and validate it. 

10.2 Limitations 

Along with the contributions that our work was able to give, we also need to stress its limitations. These 

limitations are related both to decisions that we have taken during our work, and also due to the time limitations 

associated with this thesis. Those limitations are: 

• The need to apply DEMO methodology. This can be viewed both as a limitation and an advantage for 

our solution. Firstly, it is a limitation since our methodology implies the need to design the DEMO 

models in order to achieve an IA model. The effort that it requires, due to DEMO’s complexity, might 

turn this feature into an advantage. However, it can also represent a benefit. As we previously discussed, 

with this methodology we also aim to benefit from DEMO’s advantages, which means that the final 

results also are a reflection of such benefits. 

• Lack of adequate comparative term for the final results. Especially regarding the first case study 

presented, we were not able to compare the final result with another IA model previously designed. 

This was a limitation that we have faced with, with was partially resolved in the second case study. In 

the BPC case we had a model to compare with our IA model, but they contained different levels of 

abstraction. Despite that fact, and using some references to map these models, we were able to discuss 

that comparison. In theory, it would have been better to have equivalent IA models to compare both 

cases. 

• DEMO models quality. Regarding the second study case presented (the BPC), and as we have discussed, 

we did not focus our effort in the quality of DEMO models. This sense, the final results regarding this 

case might be influenced with that quality, which we assume is, at least, acceptable. However, this fact 

should be taken into consideration. 

10.3 Retrospective Analysis 

As a final discussion, it is also relevant to analyze the entire work performed, in a retrospective way. Considering 

the final results obtained, we think we have accomplished the objectives that we have initially proposed. Those 

objectives, which were depicted in the hypothesis that we have stated, were majorly accomplished with the final 

solution that we have presented, and especially with the study cases developed. With those study cases we were 
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able to practically implement the methodology that we propose, and to understand that the entire set of activities 

proposed are possible and drove us to an acceptable result. 

As a thesis research, we believe that we have also reached the objectives. We were able to address both the 

academic and enterprise context of this work. We obtained a valid proposal of a new methodology to define the 

Enterprise Information Architecture, which include the study and use of theme such as the Enterprise Ontologies 

and Information Architecture. It also allowed us to frame these themes in the Portuguese Public Administration, 

contributing to the development of its information context. 
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Chapter 11: Future Work 

The best way to predict the future is to invent it. 

ALAN KAY 

 

 

or potential future researches, we think it is fundamental for us to discuss the main points that we think 

could be susceptible to be more developed and explored regarding our research. Due to time constraints, 

we were obviously not able to perform all the work that we would like to. We had to limit our research 

to our needs and possibilities. This sense, this section aims to discuss what are the potential issues to be 

addressed in a future work regarding the same theme. 

11.1 Refining the Methodology 

Firstly, we think that our proposal has a great potential, in order to be considered a good methodology to develop 

Information Architecture. However, we believe that this methodology can still be improved, for example by 

applying it to more study cases. We believe that the application of this methodology to more cases where is 

possible to compare the results with previously defined Information Architectures is quite relevant. This could 

improve the feedback received from such a comparative analysis, and would definitely improve the quality of the 

methodology. 

Another important future activity that should be considered is the development of the Part III of the methodology. 

We believe that this final part might need to include some more steps, which might enable to refine the IA model 

obtained. Defining the PK for each entity might not be sufficient to obtain the ‘perfect IA model’. This sense, we 

also suggest, as future work, to analyze and understand what kind of adjustments can be done. This should be 

done taking always in consideration the objectiveness that we have always intended the methodology to have. 

F 
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11.2 Automating the Process 

With a more complete methodology, which allows obtaining a more complete IA model, we then might start 

thinking in the automation of this process. As we previously stated, we always wanted our methodology to be 

practical and objective. This is a great benefit in order to allow thinking about automating the process. Despite 

the fact that DEMO methodology has a slightly subjective analysis that will always need human subjective 

thinking, we might try to understand how we can automate both Part II and Part III of our methodology, since 

the activities included are very objective. We believe that this discussion should be considered as a future work 

regarding our research. This should take in consideration existing tools that allow this automating process, and 

that might be useful when thinking about achieve a Reference IA. 

11.3 Achieving a Reference Information Architecture 

A very important aspect to discuss as a proposal for future work, is to understand how this methodology could be 

used in order to achieve our main initially objective, i.e. a Reference Information Architecture. Since our 

methodology aims to develop Information Architectures, we think that it can be transposed to define a Reference 

architecture. To do so, and taking in consideration the Portuguese Public Administration context, we think that a 

possible way to do it is to select, among the Public Administration, key services/entities in the contact with 

citizens and enterprises. With this ‘key sample’, and applying our methodology for each case, we were able to 

perform an analysis of all the IA models obtained in order to obtain a Reference Information Architecture. All 

these architectures would possess the characteristics that we are proposing, and the Reference architecture will 

also reflect these characteristics and benefits. This sense, we would always obtain an objective architecture, 

based on Enterprise Ontologies. In order to accomplish and discuss how to use our methodology to accomplish a 

Reference IA, we should also take in consideration the automating of the process discussed in the previous 

section. If this methodology could be turned more automated, it would allow applying the methodology to this 

set of ‘key sample’, which would improve and facilitate the process of using the methodology to obtain a 

Reference IA. 
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Attachment 1. DEMO Specifications 

The Interaction Model 

 

Fig. A1. 1 – Actor Transaction Diagram specifications 

The Process Model 

 

Fig. A1. 2 – The Process Structure Diagram specifications 

  

16 The Interaction Model

The construction model (CM) of an organization specifies its composition,

its environment, and its structure, according to the system definition that is

provided in Chap. 6. The composition and the environment are both a set

of actor roles. By convention, we will always draw environmental actor

roles as composite actor roles, even if we happen to know that an actor role

is elementary. The reason for doing this is that generally we do not know

whether an environmental actor role is elementary or composite. Moreo-

ver, we do not care: our interest is in the kernel of the organization. We

start with modeling this kernel as one composite actor role. The resulting

CM is usually referred to as the global CM of an organization. Likewise,

the CM in which the kernel contains only elementary actor roles is called

the detailed CM. The boundary divides the set of all (relevant) actor roles

into the composition and the environment.

Because we follow the logical sequence of making the diverse aspect

models, as presented in Chap. 15, we address in this chapter only the ‘left

hand side’ of the CM (see Fig. 15.1), thus the interaction model (IAM).
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Fig. 16.1 Legend of the Actor Transaction Diagram (interaction)
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Fig. 17.1 Legend of the Process Structure Diagram

The PSD of a business process should be understood as the complete
specification of the steps in a business process that an enterprise wants to
monitor or control. As such, the PSD of a business process is the right
starting point for the design of workflow support systems.

17.1 The PM of the Library

Let us again take the library as the first example organization to show how
a PM is derived from the CM and from additional information that is con-
tained in the case description. The steps to be taken are similar to the ones
we took in Chap. 16. We start by considering every customer transaction
type from the CM (see Fig. 16.6) as the root of a business process. The ini-
tiator of such a transaction is an environmental actor role. For transaction
type T01, we get the PSD exhibited in Fig. 17.2. We will refer to the proc-
ess shown as business process 1 of the Library.
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The State Model 

 

Fig. A1. 3 – The Object Fact Diagram specifications (first part) 

 

Fig. A1. 4 – The Object Fact Diagram specifications (second part) 

19 The State Model

The state model (SM) of an organization is the specification of the state
space of the P-world. It consists of specifying the object classes, the fact
types, and the result types, as well as the existential laws that hold. An SM
is expressed in an Object Fact Diagram (OFD) and an Object Property List
(OPL). The OPL is just a convenient way of specifying fact types that are
proper (mathematical) functions, and of which the range is a set of values.
One may as well specify them in an OFD, but that would make the OFD
unnecessarily voluminous. The fact types in an OPL are called properties
(of object classes). The OFD is fully based on the language WOSL (Chap.
5). Its legend is presented in Fig. 19.1 and 19.2.
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Fig. 19.1 Legend of the Object Fact Diagram (first part)
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Fig. A1. 5 – The Object Fact Diagram specifications (third part) 
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Attachment 2. Case Study I: The Library 

Activity 1.1 – Collect documentation for the scenario operation 

Since this is a study case based on an example from the related literature, we did not need to perform this task. 

Our starting point to apply DEMO was the information provided in (Dietz, 2006). 

 

Activity 1.2 – Writing a DEMO text & Activity 1.3 – Performa-Informa-Forma 
Analysis 

Note: All results were extracted from (Dietz, 2006) 

Label: red for Performa items, green for Informa items, and blue for Forma items 

The library described hereafter is the small but autonomous public library of Delftown. In the building in which 

it is located, are a desk for lending books, called the out-desk, and a desk for returning books, called the indesk. 

The in-desk is occupied by Sanne and the out-desk by Tim and Kris, in turn. There is a third desk, called the 

information desk, which is occupied by Lisa. At the information desk one can get information such as opening 

hours, loan rules, and membership fees. There is also a binder on Lisa’s desk that contains the complete library 

catalog, sorted in several ways (by author, by category, and by title). One can freely browse through the binder to 

find the book one is looking for. Next to that, one can ask Lisa any question about the library, e.g., about the 

contents of the books in the catalog. 

The information desk also serves as the registration desk. Anyone who wants to be registered as member of the 

library has to apply with Lisa. She writes the data needed on a registration form. The requested data are: surname, 

first name, middle initials, city of residence, street name, house number, postal code, sex, date of birth, starting 

date of the membership, and annual fee. By default, the annual fee is the standard annual fee as determined by 

the library board. Exceptions may be made for people without means. In that case, Lisa applies in writing to the 

library board for the reduced fee, which is a symbolic 1� per year. The applicant then has to fill out a form in 

which a specification of the income and expenses in the past calendar year are asked for. This form is attached to 

Lisa’s letter. 

The registration forms regarding regular memberships are collected daily (after closing time) by Sanne who puts 

the data in the Library Information System (LIS) that runs on the only PC of the library. LIS automatically prints 

a membership card and an invoice for every new member. The invoice is for the remaining months of the current 

calendar year, including the current month. So, for example, if one registers in September, one has to pay 4/12 of 

the annual fee. Both the card and the invoice can be collected by the regular new members from the next day on 

at the information desk. An applicant, then, also gets a letter of welcome, informing the new member about the 

library rules. Membership cards have a bar code on them representing the membership number. They are handed 

over to the new member after cash payment of the membership fee. 
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For applicants of the reduced fee, the procedure is slightly different. They have to wait until they are informed in 

writing about the decision of the board. This is something Tim takes care of. As soon as he gets the decision of 

the board, he writes a corresponding note and sends it by postal mail to the applicant. A copy of the note goes to 

Lisa. If the reduced fee is allowed by the board, Lisa takes the registration form out of her drawer and hands it 

over to Sanne, for processing at the end of the day. In the case of a negative decision by the board, she inserts the 

form in the file of declined applications. Applicants whose application has been declined are supposed to have 

cancelled their original request for registration. They may, of course, register again, but only as fully paying 

members. 

The books that can be borrowed are put on shelves, and sorted by the category of the book (title). There may be 

several copies of the same book (title). Every such book copy is uniquely identified by a bar code. This code 

contains both the ISBN (International Standard Book Number) and the serial number of the book copy. If 

someone wants to borrow a book, he or she has to take (a copy of) the book from the shelves to the out-desk. 

Tim or Kris will then scan the bar code on the membership card, as well as the bar code on the book. These data 

are automatically entered into LIS. The book is now considered to be lent to the member. No more than five 

books may be lent simultaneously to the same member. 

When one returns a book, one goes to the in-desk and hands the book to Sanne. She scans the book code, which 

is automatically entered into LIS. On the screen of her computer, she sees whether the loan period is exceeded or 

not. If it is, she also sees the fine that has to be paid. The person who returns the book has to pay the fine right 

away and in cash. After payment, Sanne marks the book in her computer as returned. If the loan period is not 

exceeded, she enters only that the book has been returned. Returned books are piled on a table next to Sanne. 

About every hour, Lisa collects the pile and puts the books back on the shelves. While she is doing that, the 

information desk is temporarily unoccupied. 

Every month, the librarian decides which titles should be added and how many copies per title have to be 

ordered. She does so on the basis of the announcements of new books she knows of (by means of flyers of 

publishers, and also by surfing the Web) and on the basis of analysis reports of the reading habits of the 

members provided by LIS. The librarian exhausts an annual budget for buying new books that is decided upon 

by the board of the library. An order is directed to one publisher, but it may regard a number of copies of a 

number of book titles. 

At the start of a new calendar year, Kris sends out invoices to all current members for the annual membership fee. 

Fees have to be paid in cash the next time a member comes to the library to borrow a book. She also sends 

renewal requests of reduced fee memberships to the board. Attached to them are statements of income and 

expenses over the past year that she has asked the applicants to produce. She deals with the decisions by the 

board in the same way as was done at the time of (the first) application. 

 

Activity 1.4 – Coordination-Actors-Production Analysis 

Note: All results were extracted from (Dietz, 2006) 
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Label: a piece of text indicating an actor role between the brackets “[“ and “]”, a piece of text indicating a C-act/ 

result between the brackets “(“ and “)”, and a piece of text indicating a P-act/ result between the brackets “<” and 

“>”. Enclosed pieces of text are also underlined. 

The library described hereafter is the small but autonomous public library of Delftown. In the building in which 

it is located, are a desk for <lending books>, called the out-desk, and a desk for <returning books>, called the in-

desk. The in-desk is occupied by Sanne and the out-desk by Tim and Kris, in turn. There is a third desk, called 

the information desk, which is occupied by Lisa. At the information desk one can get information such as 

opening hours, loan rules, and membership fees. There is also a binder on Lisa’s desk that contains the complete 

library catalog, sorted in several ways (by author, by category, and by title). One can freely browse through the 

binder to find the book one is looking for. Next to that, one can ask Lisa any question about the library, e.g., 

about the contents of the books in the catalog. 

The information desk also serves as the registration desk. [Anyone] who (wants) to be <registered> as member 

of the library has to apply with [Lisa]. She writes the data needed on a registration form. The requested data are: 

surname, first name, middle initials, city of residence, street name, house number, postal code, sex, date of birth, 

starting date of the membership, and annual fee. By default, the annual fee is the standard annual fee as 

<determined> by the [library board]. Exceptions may be made for people without means. In that case, [Lisa] 

(applies) in writing to the library board for the <reduced fee>, which is a symbolic 1� per year. The applicant 

then has to fill out a form in which a specification of the income and expenses in the past calendar year are asked 

for. This form is attached to Lisa’s letter. 

The registration forms regarding regular memberships are collected daily (after closing time) by Sanne who puts 

the data in the Library Information System (LIS) that runs on the only PC of the library. LIS automatically prints 

a membership card and an invoice for every new member. The invoice is for the remaining months of the current 

calendar year, including the current month. So, for example, if one registers in September, one has to pay 4/12 of 

the annual fee. Both the card and the invoice can be collected by the regular new members from the next day on 

at the information desk. An applicant, then, also gets a letter of welcome, informing the new member about the 

library rules. Membership cards have a bar code on them representing the membership number. They are handed 

over to the [new member] after cash <payment> of the membership fee. 

For applicants of the reduced fee, the procedure is slightly different. They have to wait until they are informed in 

writing about the <decision> of the board. This is something Tim takes care of. As soon as he gets the decision 

of the [board], he writes a corresponding note and sends it by postal mail to the applicant. A copy of the note 

goes to Lisa. If the reduced fee is allowed by the board, Lisa takes the registration form out of her drawer and 

hands it over to Sanne, for processing at the end of the day. In the case of a negative decision by the board, she 

inserts the form in the file of declined applications. [Applicants] whose application has been declined are 

supposed to have (cancelled) their original (request) for registration. They may, of course, register again, but 

only as fully paying members. 

The books that can be borrowed are put on shelves, and sorted by the category of the book (title). There may be 

several copies of the same book (title). Every such book copy is uniquely identified by a bar code. This code 
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contains both the ISBN (International Standard Book Number) and the serial number of the book copy. If 

[someone] (wants) to <borrow> a book, he or she has to take (a copy of) the book from the shelves to the 

outdesk. Tim or Kris will then scan the bar code on the membership card, as well as the bar code on the book. 

These data are automatically entered into LIS. The book is now considered to be <lent> to the [member]. No 

more than five books may be lent simultaneously to the same member. 

When one <returns> a book, one goes to the in-desk and hands the book to [Sanne]. She scans the book code, 

which is automatically entered into LIS. On the screen of her computer, she sees whether the loan period is 

exceeded or not. If it is, she also sees the fine that has to be paid. The [person] who returns the book has to <pay> 

the fine right away and in cash. After payment, Sanne marks the book in her computer as returned. If the loan 

period is not exceeded, she enters only that the book has been returned. Returned books are piled on a table next 

to Sanne. About every hour, Lisa collects the pile and puts the books back on the shelves. While she is doing that, 

the information desk is temporarily unoccupied. 

Every month, the [librarian] <decides> which titles should be added and how many copies per title have to be 

(ordered). She does so on the basis of the announcements of new books she knows of (by means of flyers of 

publishers, and also by surfing the Web) and on the basis of analysis reports of the reading habits of the 

members provided by LIS. The librarian exhausts an annual budget for buying new books that is <decided upon> 

by the [board] of the library. An (order is directed) to one publisher, but it may regard a number of copies of a 

number of book titles. 

At the start of a new calendar year, [Kris] sends out (invoices) to all current members for the annual membership 

fee. Fees have to be <paid> in cash the next time a member comes to the library to borrow a book. She also 

sends <renewal> (requests) of reduced fee memberships to the board. Attached to them are statements of income 

and expenses over the past year that she has asked the applicants to produce. She deals with the <decisions> by 

the [board] in the same way as was done at the time of (the first) application. 

 

Activity 1.5 – Transaction Pattern Synthesis 

Note: All results were extracted from (Dietz, 2006) 

 

  

154 15 The Modeling Method

Note that in performing the second step of the method for the pizzeria,
we have several times marked a piece of blue text. There is nothing wrong
in doing this. On the contrary, it shows that, while restudying the case, our
understanding has progressed. Such things will always happen. If one
works in a project group, it is advisable to iterate the first and second steps,
and consequently to replace blue by red, such that only red pieces of text
are marked.

15.4 The Transaction Pattern Synthesis

In this step we are going to cluster the identified C-acts/facts and P-
acts/results into transactions. One will discover that most steps in the
transaction pattern are missing in the results found so far. This is almost
always the case: descriptions are typically very incomplete. Fortunately,
this is not a big disadvantage because of the probing prescriptive power of
the transaction pattern: once you have found a P-act/result or a C-
act/result, you can be sure that you have found a complete transaction. This
confidence is an important advantage over all ontological modeling ap-
proaches that do not include the transaction pattern. To be fully sure, one
can check the identification of a transaction by validating the existence of
one or more C-acts/results, either by studying the case description, or by
asking the people who are involved in carrying through transactions of this
type. Only if in the description of the case, there is no hint at all of the ex-
istence of a transaction, can one forget its modeling. This is, however, very
rare. In the library, the following transaction types can be identified:

T01 membership registration
T02 membership fee payment
T03 reduced fee approval
T04 loan starting
T05 book return
T06 loan ending
T07 return fine payment
T08 book shipment
T09 periodic stock control
T10 annual fee control

These transactions seem to do the job; however, this has to be validated
in the following steps. What we add to the list is the specification of the re-
sult of each transaction type; thus, the generated result type. It is important
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Activity 1.6 – Result Structure Analysis 

Note: All results were extracted from (Dietz, 2006) 

 

Fig. A2. 1 – The Result Structure Chart (part one) 

 

Fig. A2. 2 – The Result Structure Chart (part two) 

 

Fig. A2. 3 – The Result Structure Chart (part three) 

 

Fig. A2. 4 – The Result Structure Chart (part four)

 

Activity 1.7 – Interaction Model design 

Note: All results were extracted from (Dietz, 2006) 

Tab. A2. 1 – Transaction Result Table 
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160 16 The Interaction Model

The interaction structure of an organization consists of the transaction

types in which the identified actor roles participate as initiator or executor.

It is expressed in an Actor Transaction Diagram (ATD) and a Transaction

Result Table (TRT). The legend of the Actor Transaction Diagram is

shown in Fig. 16.1.

16.1 The IAM of the Library

Let us take the library as the first example organization and try to build up

its IAM. As a result of applying the modeling method in Chap. 15, we have

ended up with the TRT, which is repeated in Table 16.1.

Table 16.1 The TRT of the library

transaction type result type

T01 membership registration R01 membership M has been started

T02 membership fee payment R02 the fee for membership M in year Y has been paid

T03 reduced fee approval R03 the reduced fee for M in year Y is approved

T04 loan start R04 loan L has been started

T05 book return R05 book copy C has been returned

T06 loan end R06 loan L has been ended

T07 return fine payment R07 the late return fine fee for loan L has been paid

T08 book shipment R08 shipment S has been performed

T09 stock control R09 the stock control for month M has been done

T10 annual fee control R10 the annual fee control for year Y has been done

Let us take one step back and assume that we have identified only the

interface transaction types, i.e., the transaction types of which one of the

participating actor roles belongs to the composition and the other belongs

to the environment. This set of interface transaction types is T01 through

T08.
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Fig. A2. 5 – ATD for the Library 

 

Activity 1.8 – Process Model design 

Note: All results were extracted from (Dietz, 2006) 

 

Fig. A2. 6 – Process Structure Diagram (part one) 
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Fig. 16.2 Global ATD of the library

We are now able to draw the global ATD, as exhibited in Fig. 16.2. The
following explanation applies to this diagram. The numbering of the com-
posite actor roles is arbitrary; it is a convention to number the kernel
CA00, such that the environmental actor roles can be numbered CA01, etc.
The names of actor roles are not a formal part of a CM; however, using ap-
propriate names may enhance the readability of a diagram considerably.
The readability is also enhanced by mentioning the transaction names next
to the transaction symbols. The actor role CA02 (aspirant member) repre-
sents the persons who want to become member of the library. Obviously, it
is the initiator of T01 (membership registration). CA02 is also considered
to be the executor of T02 (membership fee payment). The actor role CA04
(member) represents the actual members of the library. It is the initiator of
T04 (loan start) and the executor of T05 (book return).
As stated in Chap. 15, we conceive loan as the uniquely identifiable en-

tity type for the lending or borrowing of books. Borrowed books must be
returned. Although most libraries do not explicitly ask us to bring back a
borrowed book, but, instead, refer us to the general business rule that
books must be returned within the lending period, we do model it explic-
itly. So, one should understand T05 as the operationalization of this busi-
ness rule for every instance of a T04. The actor role CA04 is also the ini-
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Fig. 17.2 PSD of business process 1 of the library

As one can see in the figure, the standard steps in a transaction are con-
nected to each other by causal links. For example, there is a causal link
from T01/rq to T01/pm. There is also a causal link to every request step.
The one to T01/rq is an external link; the causal links to T02/rq and T03/rq
are internal. Thus, as the outcome of dealing with the C-result T01/pm,
three actions are taken: T03/rq, T02/rq, and T01/ex. Unless otherwise
specified, the minimal and maximal cardinality of causal links is 1. An ex-
ception to this default value is the causal link from T01/pm to T03/rq. The
interpretation of the range 0..1 is that the initiating of a transaction T03
within a T01 is optional. The same optionality holds for the conditional
link from T03/ac to T02/rq. So, the meaning of this link is that dealing
with the C-result T02/rq has to wait until the C-result T03/ac has been cre-
ated, if there is a corresponding T03. Likewise, performing T01/ex has to
wait until T02 is successfully completed. Lastly, the responsibility areas
encompass all acts that the indicated actor role is allowed to perform.
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Fig. A2. 7 – PSD (part two) 
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Fig. A2. 9 – PSD (part four) 
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As soon as a person is a member of the library, he or she is authorized to

fulfill the actor role CA04, and thus to initiate transactions of type T04 and

T06. We will refer to T04 as the root of business process 2 and to T06 as

the root of business process 3. Figure 17.3 exhibits the PSD of business

process 2. As a result of dealing with the agendum T04/pm, actor role A04

performs two acts: T05/rq and T04/ex. However, there is a wait condition

for T04/ex, which is the creation of the C-result T05/pm. Its practical

meaning is that the promise by the member to return the book is consid-

ered as a sufficient condition for allowing him or her to borrow the book.
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The PSD of business process 3 is shown in Fig. 17.4. As one can see
from the figure, there is an optional transaction T07 enclosed in a T06. The
practical meaning of this is that if a member wants to end a loan (T06/rq),
the responsible actor role A06 checks the return date of the corresponding
book (which is the creation date of T05/ac). If the prevailing lending pe-
riod is exceeded, A06 will initiate a T07 to have the member pay the fine.
Note that there is another logical condition for dealing with T06/pm. It is
that the corresponding book must have been returned, i.e., that the T05
must have been completed. This is, however, a matter of interstriction; it is
not a wait condition. Conditional relationships can exist only within a
business process, and never between distinct processes.
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Fig. 17.5 PSD of business process 4 of the library

There are two business processes left that are both initiated internally,
by means of self-activation. We will refer to them as business process 4
and business process 5. The PSD of business process 4 is exhibited in Fig.
17.5. It concerns the monthly ordering of new titles (in some number of
copies) for the library. It starts with actor role A09 dealing with an agen-
dum T09/rq. As a result of doing this, A09 performs two acts. First, it per-
forms a new request (T09/rq), with a requested occurrence time of the P-
result that is one month from now. Second, it performs the promise
(T09/pm). Although promising to oneself may seem somewhat redundant,
modeling self-activation in this way makes process models uniform, i.e.,
built of only transactions. There is also a practical relevance. It is that the
responsibility for performing T09/pm may be delegated by the principal
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Fig. A2. 10 – PSD (part five) 
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authorized person to someone else. We will address the subject of delega-
tion in Chap. 18. In dealing with T09/pm, a number of transactions T08 are
initiated; as the cardinality range indicates, minimally none and maximally
an unspecified (*) number. The completion of the transactions T08 is a
wait condition for the step T09/st. So, the stock control for a certain month
is considered to be completed as soon as all shipments of ordered books
are received. This seems quite appropriate. It means in practice that the ex-
ecutor of a T09 is discharged from his or her responsibility only after all
shipments have been accepted. Regarding the performance of T09/st and
T09/ac by the same actor role, the same reasoning that we have given with
respect to T09/rq and T09/pm applies. Also, here, it may have practical
relevance.
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Table 17.1 IUT of the library

object class, fact type, or result type process steps

MEMBERSHIP T01/rq T04/rq

P is the member in M T01/rq

LOAN T04/rq T06/pm

the membership of L is M T04/rq

the book copy of L is C T04/rq

SHIPMENT T09/rq

copies of B are delivered in S T09/pm

#books_of_shipment T09/pm

PERSON T01/rq

date_of_birth T01/rq

minimal_age T01/rq

standard_fee T01/pm T10/pm

reduced_fee T03/ac

normal_loan_period T04/pm T06/pm

max_copies_in_loan T04/rq

daily_late_fine T06/pm

BOOK T09/pm

MONTH T09/rq

YEAR T10/rq

current_date *

The PSD of business process 5 is exhibited in Fig. 17.6. It regards the

annual payment of membership fees. Since the action of payment does not

differ from the first payment on registering as a new member, the transac-

tion T02 is used also for the annual payments. A similar reasoning holds
for T03. The difference with the PSD in Fig. 17.2 is that the cardinality

range of T02 now is 0..k, meaning that at most k transactions T02 are initi-

ated. This number is equal to the number of current memberships. Conse-

quently, there is a cardinality range 0..n for transaction type T03, meaning

that at most n transactions are initiated. This number equals the number of

memberships for which a reduced fee has to be applied for. The logical re-

lationship between k and n is, of course, that n k.
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Activity 1.9 – Action Model design 

Note: All results were extracted from (Dietz, 2006) 

 

 

 

 

 

186 18 The Action Model

18.1 The AM of the Library

Action rules for actor role A01

on requested T01(M) with member(new M) = P
if age(P) < minimal_age decline T01(M)
age(P) minimal_age promise T01(M)
fi

no

This action rule specifies what has to be done if the agendum to be dealt
with is the condition of a T01 being requested. The first thing to do is to
generate an entity of the type membership. The entity, indicated by M, is
in its prenatal phase then. The person who will be the member of this
membership is indicated by P. Applications for membership in which the
current age of the member is less than the minimum age are refused. All
other applications are followed by a promise.

on promised T01(M)
if <membership M applies for reduced fee for year Y>

request T03(M,Y)
not <membership M applies for reduced fee for year Y>

request T02(M,Y) with standard_fee(Y)
fi

no

If an applicant applies for the reduced fee for the current year, a transac-
tion T03 is intitiated. If not, the standard fee has to be paid.

on stated T03(M,Y)
if <decision of the board is acceptable> accept T03(M,Y)
not <decision of the board is acceptable> reject T03(M,Y)
fi

no

on accepted T03(M,Y)
request T02(M,Y) with reduced_fee(Y)

no
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on stated T02(M,Y)

if <payment is acceptable> accept T02(M,Y)

not <payment is acceptable> reject T02(M,Y)

fi

no

on accepted T02(M,Y)

execute T01(M)

state T01(M)

no

The new membership M will start to exist after it has been accepted.

Action rules for actor role A04

on requested T04(L) with book_copy(new L) = C and membership(L) =

M

if #books_in_loan(M) max_books_in_loan(Y) decline T04(L)

#books_in_loan(M) < max_books_in_loan(Y) promise

T04(L)

fi

no

If a member wants to borrow a book, he or she has to start a T04. In

dealing with the request, actor role A04 generates an enitity of the type

loan, indicated by L, of which a particular membership M is the member-

ship. The loan is then in its prenatal phase.

on promised T04(L)

request T05(book_copy(L)) with requested_creation_time of

ex(T04) = Now + normal_loan_period(Y)

no

A loan concerns precisely one book copy, indicated by C. Because of

the one-to-one-relationship between a book copy and a current loan, we

can speak of book_copy(L) and of loan_of_book_copy(C). Note that we

could have identified the book copy of a loan also just by the loan, thus in-

dicating it by L. There is a slight preference for using “book copy” because

one returns book copies, not loans. The action rule above requires the bor-

rowed book to be returned after the loan period.
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on stated T02(M,Y)
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can speak of book_copy(L) and of loan_of_book_copy(C). Note that we
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one returns book copies, not loans. The action rule above requires the bor-

rowed book to be returned after the loan period.
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on promised T05(C)

execute T04(loan_of_book_copy(C))

state T04(loan_of_book_copy(C))

no

on stated T05(C)

if <book return is acceptable> accept T05(C)

not <book return is acceptable> reject T05(C)

fi

no

The having promised by the member to return the book copy in time is a

sufficient condition for lending the book copy to him or her.

As soon as the creation of the start of the loan L is accepted by the

member, its existence phase will begin.

Action rules for actor role A06

on requested T06(L)

if not accepted T05(book_copy(L)) decline T06(L)

accepted T05(book_copy(L)) promise T06(L)

fi

no

When a member wants to end a loan, it is checked whether the book has

been returned properly. Properly could mean not damaged. If it is not

damaged, the loan is formally closed; if it is damaged, the request is de-

clined.

on promised T06(L)

if #days_overdue(L) > 0 request T07(L) with incurred_fine(L)

#days_overdue(L) 0

execute T06(L)

state T06(L)

fi

no

If the book is returned late, a fine has to be paid. The amount of the fine

depends on the number of days by which the normal loan period is ex-

ceeded.
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on stated T07(L)
if <fine payment is acceptable> accept T07(L)
not <fine payment is acceptable> reject T07(L)
fi

no

on accepted T07(L)
execute T06(L)
state T06(L)

no

As soon as the end of the loan L is accepted by the member, the loan
transits from its existence phase to its postmortem phase.

Action rules for actor role A09

on requested T09(M)
request T09(next(M)) with

requested_creation_time of ex(T09) = Now + one month
promise T09(M)

no

Self-activation of actor role A09 is realized by starting a new T09 at the
time of dealing with the request of the current one. We use a simple func-
tion, next, to provide us with the next time period. The requested creation
time of the P-event is set to now plus one month.

on promised T09(M)
do for all B in BOOK

if <N copies of B are needed> and N > 0
request T08(new S)
with book_of(S) = B and #copies_in(S) = N

fi

od

no

During a transaction T09, all current titles (B in BOOK) are checked for
whether new copies are needed. For every title for which one or more cop-
ies must be ordered, a shipment, indicated by S, is generated.
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on stated T07(L)
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on stated T08(S)
if <shipment is acceptable> accept T08(S)
not <shipment is acceptable> reject T08(S)
fi

no

on accepted T08(S)
if <S is the last accepted shipment>

execute T09(M)
state T09(M)

fi

no

A transaction T09 can formally be completed only when all pending
shipments are completed.

on stated T09(M)
accept T09(M)

no

Action rules for actor role A10

on requested T10(Y)
request T10(next(Y)) with requested_creation_time of ex(T10) =
Now + one year
promise T10(Y)

no

Self-activation of actor role A10 is realized by starting a new T10 at the
time of dealing with the request of the current one, using the function next.

on promised T10(Y)
do for allM in MEMBERSHIP

if <M applies for reduced fee for year Y>
request T03(M,Y)

not <M applies for reduced fee for year Y>
request T02(M,Y) with standard_fee(Y)

fi

od

no
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Self-activation of actor role A10 is realized by starting a new T10 at the
time of dealing with the request of the current one, using the function next.

on promised T10(Y)
do for allM in MEMBERSHIP

if <M applies for reduced fee for year Y>
request T03(M,Y)

not <M applies for reduced fee for year Y>
request T02(M,Y) with standard_fee(Y)

fi

od

no

190 18 The Action Model

on stated T08(S)
if <shipment is acceptable> accept T08(S)
not <shipment is acceptable> reject T08(S)
fi

no

on accepted T08(S)
if <S is the last accepted shipment>

execute T09(M)
state T09(M)

fi

no

A transaction T09 can formally be completed only when all pending
shipments are completed.

on stated T09(M)
accept T09(M)

no

Action rules for actor role A10

on requested T10(Y)
request T10(next(Y)) with requested_creation_time of ex(T10) =
Now + one year
promise T10(Y)

no

Self-activation of actor role A10 is realized by starting a new T10 at the
time of dealing with the request of the current one, using the function next.

on promised T10(Y)
do for allM in MEMBERSHIP

if <M applies for reduced fee for year Y>
request T03(M,Y)

not <M applies for reduced fee for year Y>
request T02(M,Y) with standard_fee(Y)

fi

od

no
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18.2 The AM of the Pizzeria 191

MEMBERSHIP is the set of all existing memberships. The rules hereaf-

ter are identical to the rules mentioned under actor role A01. So, one can

find further explanantion there.

on stated T03(M,Y)

if <decision of the board is acceptable> accept T03(M,Y)

not <decision of the board is acceptable> reject T03(M,Y)

fi

no

on accepted T03(M,Y)

request T02(M,Y) with reduced_fee(Y)

no

on stated T02(M,Y)

if <payment is acceptable> accept T02(M,Y)

not <payment is acceptable> reject T02(M,Y)

fi

no

on accepted T02(M,Y)

if <M is the last accepted payment for Y>

execute T10(Y)

state T10(Y)

fi

no

on stated T10(Y)

accept T10(Y)

no

18.2 The AM of the Pizzeria

Because the situation in the third phase of the pizzeria is the most exten-

sive one, we will only present the action rules that hold in this phase; they

also hold for the second phase, and they include the first phase.
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Activity 1.10 – State Model design 

Tab. A2. 3 – Object Property List 

 

 

Fig. A2. 11 – Object Fact Diagram (with result types) 

 

  

200 19 The State Model

19.1 The SM of the Library

In this section we will develop the state model of the library case. First, we

present the object classes and fact types, and the pertaining existential

laws. They are exhibited in Fig. 19.3. The fact types that are pure proper-

ties, i.e., mathematical functions mapping from an object class to a scale,

are listed in the Object Property List in Table 19.1.

Table 19.1 OPL of the library

property type object class scale

date_of_birth PERSON JULIAN DATE

age (*) PERSON NUMBER

#days_overdue (*) LOAN NUMBER

incurred_fine (*) LOAN EURO

minimal_age YEAR NUMBER

standard_fee YEAR EURO

reduced_fee YEAR EURO

normal_loan_period YEAR NUMBER

max_copies_in_loan YEAR NUMBER

daily_late_fine YEAR EURO

#books_of_shipment SHIPMENT NUMBER

#books_in_loan (*) MEMBERSHIP NUMBER

Figure 19.3 shows the three core categories, MEMBERSHIP, LOAN,

and SHIPMENT, of which instances are created by the library. There are

two external object classes: PERSON and BOOK. So, one has to consider

the extensions of these object classes as given. The corresponding OPL is

exhibited in Table 19.1.

Four of these properties are derived fact types, indicated by an asterisk

between brackets. The derivation rules are as follows:

age (P) = <current_date – date_of_birth(P), converted for calender>

#days_overdue(L) = start_date(L) + normal_loan_period – current date

#books_in_loan(M) = <sum total of copies in current loans of M>

incurred_fine(L) = #days_overdue(L) * daily_late_fine.
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Activity 2.1 – Mapping from OFD to UML & Activity 2.2 – Mapping from the OPL 
to Attributes 

 

Fig. A2. 12 – UML model 

 

Activity 3.1 – Define the PK for each IE 

 

Fig. A2. 13 – IA model 
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Attachment 3. Case Study II: BPC 

 
Activity 1.1 – Collect documentation for the scenario operation 

AMA provided the information collected. In particular, we were able to get some relevant documentation 

regarding the specifications and operation of the BPC. Since we found that documentation sufficient, we 

were not needed to perform complementary activities (such as interviews or observation). 

 

Activity 1.2 – Writing a DEMO text 

Note: At the end of the production of this text, this was verified and approved by a stakeholder that was 

involved in the BPC project. This allowed us to ensure that the text effectively reflects the way of 

operating in BPC. 

The ‘Balcão Perdi a Carteira’ (BPC) is a service provided to all the Portuguese citizens, who live or not 

in Portuguese territory, which aims to facilitate reissuing a set of citizens identification documents in the 

presence of several Entities, including in case of its loss or theft and personal data changing. This service 

is provided when a citizen needs to get, at least, two of the following documents: Citizen Card (CC – 

IRN); Driving License (DL – IMTT); Single Vehicle Document (SVD – IRN); Pensioner Card (PC – 

CNP); ADSE Beneficiary Card (ADSE – ADSE); ACP Card (ACP – ACP). 

In the BPC are just made requests for documents. Deliveries or any problem identified by the citizen 

should be resolved directly with each Entity (in case of rejection of a document by an Entity, the citizen 

will be informed and the situation will be directly handled by such Entity). 

Generally speaking, the procedure for a request in the BPC is divided in three main stages: an initial 

Screening procedure; the Citizen Service (called 1st moment), after confirming that the request is able to 

advance; the Citizen Post-Service (2nd moment), in which procedures are performed after the first contact 

with the citizen, who may or may not perceive them. All procedures developed have the support of a 

computer system where all the necessary operations for reissuing are performed, and this, in turn, invokes 

applications from IRN and ADSE.  

The Screening aims the employee for observe and confirm the necessary prerequisites to achieve the 

requested services. At this stage, according to the documents requested and the type of request made, 

there are different prerequisites. 

In case of a Citizen card, there is an associated set of procedures to be followed, according to its manual 

of procedures. 
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For the Driving License it is required for the citizen to present a photograph and their Identity 

Card/Citizen Card or request the Citizen Card. In case of being requested a 2nd copy) (with or without 

alteration of data) it can be optionally presented a police participation, for theft cases, etc. In case of data 

alteration, the outdated Driving License must be presented. In the particular case of address modification 

due to an administrative change, it is necessary to present proof from the Parish Council. 

Regarding the Single Vehicle Document, it is required the presentation of Identity Card/Citizen Card or 

Passport or request the Citizen Card (in this case the SVD remains dependent of the CC issuance) as well 

as the indication of his Tax Identification Number (TIN). For the case of a change of address (including 

2nd copy requests), it may be presented (optionally) a prof of the Parish Council for the administrative 

change of territory, and in this case the request will be free of charges. In situations of changing data 

(name and/or address), except for 2nd copy requests, it must be also presented the SVD or Property 

Registration Booklet in order for them to be obliterated. In the documents that will be changed it is 

inserted a stamp with 1 moth validity. During this period the citizen will receive the new document. 

In terms of the Pensioner Card request, it is only possible to change the address. In order to do so, it is 

necessary to present the Identity Card/Citizen Card or to request the Citizen Card (in this case the 

Pensioner Card remains dependent of the CC issuance). It is optional to present the outdated Pensioner 

Card. 

For requests relating to the ACP Membership Card, it is always necessary to present the Identity 

Card/Citizen Card or request the Citizen Card. In the particular case of data change, it is optional to 

present the outdated ACP card. 

Finally, regarding the ADSE Card, it is always necessary to present the Identity Card/Citizen Card or to 

request the Citizen Card. For cases of data change the presentation of the outdated ADSE Card is optional. 

Besides the confirmation of the prerequisites described above, there are other procedures to be undertaken 

by the employees in this first Screening phase. The employee must inform the citizen of all documents 

available in the BPC, since the computer application allows the inclusion of new documents during the 

collection. The employee must also inform the citizen of the price of the desired service, as well as the 

fact that the BPC only allows cash payments. It is also important to note that, regarding the Driving 

License, and in places that there is no IMTT Branch, it is only possible data change requests. Also in this 

Screening phase, the employee must check the citizen’s birth date in order to understand if he must 

revalidate his Driving License due to its age. In this case, the employee must inform the citizen that the 

request for revalidation can only be performed in the IMTT post, and also to clarify the citizen about its 

pre-requisites. 

The Citizen Service is the second part of the BPC procedure.  It is aggregated into four macro-activities: 

the process begins with the identification of the desired Services; then it is fulfilled in the BPC 

application the citizen Identification Card number and his birth date in order to get other relevant data 

using the civil identification data base (address, full name and civil state); then it is made a Common Data 

Collection of the different issuers of the required documents (for this purpose to be accomplished, it 
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performed a citizen identity search in the Justice systems, as far as it is possible); it follows a collection of 

Specific Data Collection from each of the issuers involved; finally it is performed the Confirmation of the 

Provided Data as well as Payment Services. 

The first two macro-activities described above (the Service Identification and Common Data Collection) 

comprise a set of activities conditioned by the type of service requested. At first, the BPC employee asks 

the citizen about the documents he wants to request and its motives (respectively) in order to register 

them in the BPC system. In case of inability/lack of information in order to continue the process this 

should be stopped and possibly resumed at a later stage (in case of non-presentation of the Identification 

Card/ Citizen Card due to theft or destruction, the citizen will necessary have to request a new copy of 

this document). 

Then, after the citizen informs which documents he wants to request, its motives and present the 

necessary documentation and information, the employee must take the following actions: in case of 

Citizen Card request, he must question/assess if whether the citizen is the holder of the document (if it is 

not, should be triggered to request a duplicate copy of this document); in case of change of address on the 

Driving License, he must evaluate the conservation status of the document; in situations of address 

change and/o name change in the Driving License, it should be assessed the congruence of data with the 

Identification Card/Citizen Card (if the data is also outdated in those documents it should also be 

requested for change); if the citizen requested a SVD the employee must question/evaluate whether he is 

the owner of that document and presents the paper form completed and signed by the vehicle owner (for 

2nd copy of the document it is necessary for this form to have a recognized sign by a competent official); 

in case of change of address for the Driving License and/or SVD, it must be registered whether the citizen 

had presented a statement from the Parish Council; if the citizen requested a document due to theft or loss 

it must be registered whether he presented a participation on the authorities in order to prove what 

happened. If one of the requested documents is the Citizen Card that must be the first request to be 

attended. 

If the above conditions are met, the employee must ask the citizen information about its Citizen Card 

number and birth date in order to use them to search in the civil identification data base system, which 

returns the rest of the data needed (address, full name and civil state). . If the citizen informs that has 

more updated data comparing to those on the results, they might be changed. It should also be confirmed 

by the employee the restrictions imposed on requests from juvenile citizens. Subsequently, the employee 

must request data on the residence of the citizen in order to register it in the system. For this purpose, if 

we are dealing with a citizen resident in another country, should be gathered their national address. For 

cases in which citizens do not live in national territory, the employee must collect its foreign address in 

order to proceed with the request. For the Driving License it is only allowed European Union addresses. 

The third macro-activity of the Citizen Service process is the Collection of Specific Data for each 

requested document. For this component, the data to be requested vary according to the requested 

document. 
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Thus, if the requested document is the ADSE Card, the employee should, at first, search about the citizen 

in the ADSE built-in system. He should also evaluate the procedures to be adopted and if the requested is 

completed successfully, he must also collect the fields presented in the electronic form of the BPC system. 

In the case of an ACP Card request, the employee must ask the member about which card he wants and 

register it in the system. It should then ask the name to write in the Card as well as the return address (if it 

is different from the one previously provided). Before proceeding with the application, the employee must 

validate the collected information, ensuring consistency of specific data. Finally, the member must be 

informed that the deadline for receipt of the card is approximately two weeks. 

For requests for the Pensioner Card, the employee must collect the following information: Fiscal 

identification; Fiscal allocation; Social Security identification; previously address; confirmation for the 

customer service. The employee must inform the citizen that if he is beneficiary of Social Integration, all 

the members of the household must update their address. 

In terms of requesting the Driving License, for the case of address change and Citizen Card presentation, 

the employee must confront the address entered in the CC with the one previously collected. The 

collected data must be checked with the citizen. If it was presented the Identity Card, the employee must 

confront the council and parish from the Identity Card with the previously collected address. Following 

this examination (exclusive for changes of address), the employee must ask the citizen about its specific 

information in order to register it at the system: Category; Number of the Actual Document; Issuer of the 

Actual Document; Information about the document that proves the citizen identity; alternative address. 

Regarding the case of the citizen requesting a SVD without its completed form, the employee shall collect 

specific data from the SVD. For this purpose, he must use the IRN-SVD application, searching the citizen 

in the IRN-SVD internal systems, collecting the data from the request form from the BPC application. 

The forms must then be printed. If the forms are not signed by the citizen, it is necessary for the employee 

to collect the request in the IRN-SVD application and the specific data from the existence form. 

Alternatively, if the citizen presents the completed form (for 2nd copy cases) with the signature duly 

acknowledged, the employee will not have to collect specific data about SVD previously described, and 

he might simply confirm the operation in the BPC application. 

For situations of applications for the Citizen Card, the employee must follow the procedures defined by 

the IRN. If these procedures are completed successfully, the employee must collect the electric form 

fields present in the application of BPC. 

Finally, the macro-activity of Provided Data Confirmation and Payment Services completes the procedure 

for the Service Citizen. Firstly, the employee asks the citizen to confirm the provided data (the so called 

disclaimer) listed on the confirmation document of the request made. This confirmation document must 

be signed by the citizen, and should be printed as many times as necessary, according to the type of 

service requested. Then, the charging should be performed, and are only accepted cash payments. If the 

citizen does not have money to make the payment, the possibility exists of the employee placing the order 

pending payment. The employee must inform the citizen about the possibility of their requests to be 
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cancelled if the payment is not made within 48 hours (2 days). After the payment, the employee must 

complete the Citizen Service, delivering the respective documents to the citizen as long as its payment 

receipt. 

The last part of the process, the Citizen Post-Service, consists in back-office procedures to be conducted 

by the employees, and there is only a second face interaction with the citizen if the applicant has been 

asked to SVD or PC. Thus, the employee, at the end of the service, must place the physical process by 

putting all documents resulting from the citizen’s request on the cover of the process, filling its data 

matrix. At the end of each shift, the employee carries the covers of process for the UG, except the ACP 

Card applications. For these cases, it is sent an automatic email for the Entity, with the request 

information. In the case of an ADSE Card request, its information must be sent for the Entity. In cases of 

requests for Pensioner Card, the employee must check if it was also requested a Citizen Card. If so, the 

first request can only proceed with a copy of that card (pending from the issuance of the CC – this is the 

2nd time of service). If the citizens presented the CC in the BPC, the 2nd time of service can be started. If 

not, the request send for the Entity might wait until the receiving of the Citizen Card. In relation to 

requests from the SVD, more specifically in 2nd copy requests, it should be checked the existence of a 

suitable document for signature verification, in order to process the information sending. In cases of 

applications for Driving Licenses, the information must also be sent to the Entity. 

In the context of the BPC activity, it is also important to refer to the Cash Management procedures, which 

allow the proper distribution of revenues to the entities involved. This sense, the BPC system supports the 

creation of a Cash Report, which might be extracted by each employee at the end of the shift. Based on 

that report, the employee must: check the values of his box; separate the values from the SVD and Citizen 

Card; put together other processes values, checking the total amount of revenue in the presence of an 

assistant, placing it in a coin bag to deliver to the assistant (those should then be transported to the UG). 

 

Activity 1.3 – Performa-Informa-Forma Analysis & Activity 1.4 – 
Coordination-Actors-Production Analysis 

• Red for Performa items 
• Green for Informa items 
• Blue for Forma items 

 

• [actor role] 
• (C-act/result) 
• <P-act/result> 

 

The ‘Balcão Perdi a Carteira’ (BPC) is a service provided to all the Portuguese citizens, who live or not 

in Portuguese territory, which aims to facilitate <reissuing a set of citizens identification documents> in 

the presence of several Entities, including in case of its loss or theft and personal data changing. This 
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service is provided when a [citizen] (needs) to get, at least, two of the following documents: Citizen Card 

(CC – IRN); Driving License (DL – IMTT); Single Vehicle Document (SVD – IRN); Pensioner Card (PC 

– CNP); ADSE Beneficiary Card (ADSE – ADSE); ACP Card (ACP – ACP). 

In the BPC are just made (requests for documents). Deliveries or any problem identified by the citizen 

should be resolved directly with each Entity (in case of rejection of a document by an Entity, the citizen 

will be informed and the situation will be directly handled by such Entity). 

Generally speaking, the procedure for a request in the BPC is divided in three main stages: an initial 

Screening procedure; the Citizen Service (called 1st moment), after confirming that the request is able to 

advance; the Citizen Post-Service (2nd moment), in which procedures are performed after the first contact 

with the citizen, who may or may not perceive them. All procedures developed have the support of a 

computer system where all the necessary operations for reissuing are performed, and this, in turn, invokes 

applications from IRN and ADSE.  

The Screening aims the employee for observe and <confirm the necessary prerequisites> to achieve the 

requested services. At this stage, according to the documents requested and the type of request made, 

there are different prerequisites. 

In case of a Citizen Card, there is an associated set of procedures to be followed, according to its manual 

of procedures. 

For the Driving License it is required for the [citizen] to present a photograph and their Identity 

Card/Citizen Card or request the Citizen Card. In case of being <requested a 2nd copy> (with or without 

alteration of data) it can be optionally presented a police participation, for theft cases, etc. In case of <data 

alteration>, the outdated Driving License must be presented. In the particular case of address modification 

due to an administrative change, it is necessary to present proof from the Parish Council. 

Regarding the Single Vehicle Document, it is required the presentation of Identity Card/Citizen Card or 

Passport or request the Citizen Card (in this case the SVD remains dependent of the CC issuance) as well 

as the indication of his Tax Identification Number (TIN). For the case of a <change of address> 

(including 2nd copy requests), it may be presented (optionally) a prof of the Parish Council for the 

administrative change of territory, and in this case the request will be free of charges. In situations of 

<changing data> (name and/or address), except for 2nd copy requests, it must be also presented the SVD 

or Property Registration Booklet in order for them to be <obliterated>. In the documents that will be 

changed it is <inserted a stamp with 1 moth validity>. During this period the citizen will receive the new 

document. 

In terms of the Pensioner Card request, it is only possible to <change the address>. In order to do so, it is 

necessary to present the Identity Card/Citizen Card or to request the Citizen Card (in this case the 

Pensioner Card remains dependent of the CC issuance). It is optional to present the outdated Pensioner 

Card. 
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For requests relating to the ACP Membership Card, it is always necessary to present the Identity 

Card/Citizen Card or request the Citizen Card. In the particular case of <data change>, it is optional to 

present the outdated ACP card. 

Finally, regarding the ADSE Card, it is always necessary to present the Identity Card/Citizen Card or to 

request the Citizen Card. For cases of <data change> the presentation of the outdated ADSE Card is 

optional. 

Besides the <confirmation> of the prerequisites described above, there are other procedures to be 

undertaken by the [employees] in this first Screening phase. The [employee] must inform the [citizen] of 

all documents available in the BPC, since the computer application allows the inclusion of new 

documents during the collection. The [employee] must also inform the [citizen] of the price of the desired 

service, as well as the fact that the BPC only allows cash payments. It is also important to note that, 

regarding the Driving License, and in places that there is no IMTT Branch, it is only possible data change 

requests. Also in this Screening phase, the employee must <check the citizen’s birth date> in order to 

understand if he must revalidate his Driving License due to its age. In this case, the employee must 

inform the citizen that the request for revalidation can only be performed in the IMTT post, and also to 

clarify the citizen about its pre-requisites. 

The Citizen Service is the second part of the BPC procedure.  It is aggregated into four macro-activities: 

the process begins with the (identification of the desired Services); then it is fulfilled in the BPC 

application the citizen Identification Card number and his birth date in order to get other relevant data 

using the civil identification data base (address, full name and civil state); then it is made a Common Data 

Collection of the different issuers of the required documents (for this purpose to be accomplished, it 

performed a citizen identity search in the Justice systems, as far as it is possible); it follows a collection of 

Specific Data Collection from each of the issuers involved; finally it is performed the <Confirmation of 

the Provided Data> as well as Payment Services. 

The first two macro-activities described above (the Service Identification and Common Data Collection) 

comprise a set of activities conditioned by the type of service requested. At first, the BPC [employee] 

asks the [citizen] about the documents he (wants to request) and its motives (respectively) in order to 

register them in the BPC system. In case of inability/lack of information in order to continue the process 

this should be (stopped) and possibly (resumed) at a later stage (in case of non-presentation of the 

Identification Card/ Citizen Card due to theft or destruction, the [citizen] will necessary have to (request) 

a new copy of this document). 

Then, after the [citizen] informs which documents he wants to request, its motives and present the 

necessary documentation and information, the [employee] must take the following actions: in case of 

Citizen Card request, he must question/<assess> whether if the citizen is the holder of the document (if it 

is not, should be triggered to (request a duplicate copy) of this document); in case of <change of address> 

on the Driving License, he must <evaluate the conservation status of the document>; in situations of 

<address change and/or name change> in the Driving License, it should be <assessed> the congruence of 
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data with the Identification Card/Citizen Card (if the data is also outdated in those documents it should 

also be (requested) for change); if the [citizen] (requested a SVD) the [employee] must 

question/<evaluate> whether he is the owner of that document and presents the <paper form completed 

and signed> by the [vehicle owner] (for 2nd copy of the document it is necessary for this form to have a 

<recognized sign> by a [competent official]); in case of <change of address> for the Driving License 

and/or SVD, it must be registered whether the [citizen] had presented a statement from the Parish Council; 

if the [citizen] (requested a document) due to theft or loss it must be registered whether he presented a 

participation on the authorities in order to prove what happened. If one of the requested documents is the 

Citizen Card that must be the first request to be attended. 

If the above conditions are met, the [employee] must ask the citizen information about its Citizen Card 

number and birth date in order to use them to search in the civil identification data base system, which 

returns the rest of the data needed (address, full name and civil state). If the [citizen] informs that has 

more updated data comparing to those on the results, they might be changed. It should also be <confirmed> 

by the [employee] the restrictions imposed on requests from juvenile citizens. Subsequently, the 

[employee] must request data on the residence of the citizen in order to register it in the system. For this 

purpose, if we are dealing with a citizen resident in another country, should be gathered their national 

address. For cases in which [citizens] do not live in national territory, the [employee] must collect its 

foreign address in order to proceed with the request. For the Driving License it is only allowed European 

Union addresses. 

The third macro-activity of the Citizen Service process is the Collection of Specific Data for each 

requested document. For this component, the data to be requested vary according to the requested 

document. 

Thus, if the requested document is the ADSE Card, the [employee] should, at first, search about the 

citizen in the ADSE built-in system. He should also evaluate the procedures to be adopted and if the 

requested is completed successfully, he must also collect the fields presented in the electronic form of the 

BPC system. 

In the case of an ACP Card request, the [employee] must ask the member about which card he wants and 

register it in the system. It should then ask the name to write in the Card as well as the return address (if it 

is different from the one previously provided). Before proceeding with the application, the [employee] 

must <validate> the collected information, ensuring consistency of specific data. Finally, the [member] 

must be informed that the deadline for receipt of the card is approximately two weeks. 

For requests for the Pensioner Card, the [employee] must collect the following information: Fiscal 

identification; Fiscal allocation; Social Security identification; previously address; confirmation for the 

customer service. The employee must inform the citizen that if he is beneficiary of Social Integration, all 

the members of the household must update their address. 

In terms of requesting the Driving License, for the case of address change and Citizen Card presentation, 

the [employee] must <confront> the address entered in the CC with the one previously collected. The 
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collected data must be <checked> with the citizen. If it was presented the Identity Card, the [employee] 

must <confront> the council and parish from the Identity Card with the previously collected address. 

Following this examination (exclusive for changes of address), the [employee] must ask the citizen about 

its specific information in order to register it at the system: Category; Number of the Actual Document; 

Issuer of the Actual Document; Information about the document that proves the citizen identity; 

alternative address. 

Regarding the case of the [citizen] requesting a SVD without its completed form, the [employee] shall 

collect specific data from the SVD. For this purpose, he must use the IRN-SVD application, searching the 

citizen in the IRN-SVD internal systems, collecting the data from the request form from the BPC 

application. The forms must then be printed. If the forms are not <signed> by the [citizen], it is necessary 

for the [employee] to collect the request in the IRN-SVD application and the specific data from the 

existence form. Alternatively, if the [citizen] presents the completed form (for 2nd copy cases) with the 

<signature duly acknowledged>, the employee will not have to collect specific data about SVD 

previously described, and he might simply <confirm> the operation in the BPC application. 

For situations of applications for the Citizen Card, the [employee] must (follow the procedures defined by 

the IRN). If these procedures are completed successfully, the [employee] must collect the electric form 

fields present in the application of BPC. 

Finally, the macro-activity of Provided Data Confirmation and Payment Services completes the procedure 

for the Service Citizen. Firstly, the [employee] asks the [citizen] to <confirm> the provided data (the so 

called disclaimer) listed on the confirmation document of the request made. This confirmation document 

must be <signed> by the [citizen], and should be printed as many times as necessary, according to the 

type of service requested. Then, the <charging> should be performed, and are only accepted cash 

payments. If the citizen does not have money to make the payment, the possibility exists of the employee 

placing the (order pending payment). The [employee] must inform the citizen about the possibility of 

their requests to be cancelled if the payment is not made within 48 hours (2 days). After the payment, the 

[employee] must complete the Citizen Service, delivering the respective documents to the citizen as long 

as its payment receipt. 

The last part of the process, the Citizen Post-Service, consists in back-office procedures to be conducted 

by the [employees], and there is only a second face interaction with the citizen if the applicant has been 

asked to SVD or PC. Thus, the [employee], at the end of the service, must place the physical process by 

putting all documents resulting from the citizen’s request on the cover of the process, filling its data 

matrix. At the end of each shift, the [employee] carries the covers of process for the UG, except the ACP 

Card applications. For these cases is sent an automatic email for the [Entity], with the request information. 

In the case of an ADSE Card request, its information must be sent for the [Entity]. In cases of requests for 

Pensioner Card, the [employee] must <check> if it was also requested a Citizen Card. If so, the first 

request can only proceed with a copy of that card (pending from the issuance of the CC – this is the 2nd 

time of service). If the <citizens> presented the CC in the BPC, the 2nd time of service can be started. If 

not, the request send for the Entity might wait until the receiving of the Citizen Card. In relation to 
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requests from the SVD, more specifically in 2nd copy requests, it should be <checked> the existence of a 

suitable document for <signature verification>, in order to process the information sending. In cases of 

applications for Driving Licenses, the information must also be sent to the [Entity]. 

In the context of the BPC activity, it is also important to refer to the Cash Management procedures, which 

allow the proper distribution of revenues to the entities involved. This sense, the BPC system supports the 

creation of a Cash Report, which might be extracted by each [employee] at the end of the shift. Based on 

that report, the [employee] must: <check the values> of his box; <separate the values> from the SVD and 

Citizen Card; put together other processes values, <checking the total amount> of revenue in the presence 

of an [assistant], placing it in a coin bag to deliver to the [assistant] (those should then be transported to 

the UG). 

 

Activity 1.5 – Transaction Pattern Synthesis 

T01  Document request 
T02  Document prerequisites collection 
T03  Document request stop 
T04  Document request resume 
T05  Document request common data collection 
T06  Document request specific data collection 
T07  Document request data confirmation 
T08  Document request service payment 
T09  Document requests information exchange 
T10  Cash management 

 

R01  Request R for document D has been completed 
R02  Prerequisites P for document D have been collected 
R03  Document request R has been stopped with motive M 
R04  Document request R has been resumed 
R05  Common data C for document request has been collected 
R06  Specific data S for document request R has been collected 
R07  Data for request R has been confirmed 
R08  Payment value V has been charged 
R09  Exchange information I has been exchanged with entity E 
R10  Cash management for working day W has been performed 

 

Notes: 

• The type regards the possibility for the citizen to request a 2nd copy of the document D, or make 
some data alteration (name, address, etc.). 
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Activity 1.6 – Result Structure Analysis 

R10R10

R08R08

R03R03

R05R05R07R07 R02R02

R04R04

R06R06 R01R01R09R09

 

Fig. A3. 1 – The Result Structure Chart 

 

Activity 1.7 – Interaction Model design 

Tab. A3. 1 – The Transaction Result Table 

Transaction type Result type 

T11  Document request R11  Request R for document D has been 
completed 

T12  Document prerequisites collection R12  Prerequisites P for document D have been 
collected 

T13  Document request stop R13  Document request R has been stopped with 
motive M 

T14  Document request resume R14  Document request R has been resumed 

T15  Document request common data collection R15  Common data C for document request has 
been collected 

T16  Document request specific data collection R16  Specific data S for document request R has 
been collected 

T17  Document request data confirmation R17  Data for request R has been confirmed 

T18  Document request service payment R18  Payment value V has been charged 

T19  Document requests information exchange R19  Exchange information I has been exchanged 
with entity E 

T20  Cash management R20  Cash management for working day W has 
been performed 
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Fig. A3. 2 – The ATD 
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Activity 1.8 – Process Model design 

 

Fig. A3. 3 – PSD of business process 1 
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Fig. A3. 4 – PSD of business process 2 

 

 

Fig. A3. 5 – PSD of business process 3 
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Fig. A3. 6 – PSD of business process 4 

 

Tab. A3. 2 – The Information Use Table 

object class, fact type, or result type process steps 

REQUEST T01/rq 

TYPE T01/rq 

T is the type of R T01/rq 

DOCUMENT T01/rq 

D is the document requested in R T01/rq 

PREREQUISITES T02/rq 

P are the prerequisites for D T02/rq 

MOTIVE T03/rq 

M is the motive to stop R T03/rq 

photo T02/ac 

citizen_card T02/ac 

driving_license T02/ac 

parish_council_proof T02/ac 

tax_id T02/ac 

single_vehicle_doc T02/ac 

COMMON_DATA T05/rq 
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object class, fact type, or result type process steps 

auth_participation T05/rq 

DL_state T05/ac 

SVD_form T05/ac 

SPECIFIC_DATA T06/rq 

citizen_address T06/ac 

doc_number T06/ac 

citizen_category T06/ac 

actual_doc_issuer T06/ac 

alternative_address T06/ac 

fiscal_allocation T06/ac 

social_sec_number T06/ac 

PAYMENT_VALUE T08/rq 

WORKING_DAY T10/rq 

box_value T10/ac 

SVD_value T10/ac 

CC_value T10/ac 

total_amount T10/ac 

ENTITY T09/rq 

EXCHANGE_INFORMATION T09/rq 

 

Activity 1.9 – Action Model design 

on requested T01(R, T, D) with request(new R) = R and ‘T = ‘data alteration’ or ‘2nd copy’ and  
 document(D) 

 if < D is possible to request > ≥ promise T01(R, T, D) 

 € not < D is possible to request > ≥ decline T01(R, T, D) 

 fi 

no 



Attachment 3 

 135 

Requesting T01 means to create a new request R for document D with type T (which is either a 2nd copy 

or data alteration). T01 is only promised if document D is one of the possible documents to request. 

Otherwise it is declined. 

 

on promised T01(R, T, D) 

 request T02(P, R, T, D) with prerequisites(P) 

no 

Since T01 has been promised, T02 is requested also including the perquisites that are needed. 

 

on requested T02(P, R, T, D) 

 promise T02(P, R, T, D) 

no 

T02 is ‘automatically’ promised after it is requested, with no restrictions. 

 

on stated T02(P, R, T, D) 

 if < D is CC > and < CC procedures have been followed > ≥ accept T02(P, R, T, D) 

 € < D is CC > and not < CC procedures have been followed > ≥ reject T02(P, R, T, D) 

 € < P include request CC > ≥ request T03 (R, T, D, M) with 

  motive (new M) = ‘CC request pending’ 

 € < D is DL > and < P include photo > and < P include CC or CC request > ≥ 

  accept T02(P, R, T, D) 

 € < D is DL > and not < P include photo > or not < P include CC or CC request > ≥ 

  reject T02(P, R, T, D) 

 € < D is DL > and < T is data alteration > and < P include outdated DL > ≥ 

  accept T02(P, R, T, D) 

 € < D is DL > and < T is data alteration > and not < P include outdated DL > ≥ 

  reject T02(P, R, T, D) 

 € < D is DL > and < T is administrative data alteration > and 

  < P include Parish Council proof > ≥ accept T02(P, R, T, D) 
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 € < D is DL > and < T is administrative data alteration > and not 

  < P include Parish Council proof > ≥ reject T02(P, R, T, D) 

 € < D is SVD > and < P include CC or Passport or CC request > and 

  < P include TAX identification number > ≥ accept T02(P, R, T, D) 

 € < D is SVD > and not < P include CC or Passport or CC request > or not 

  < P include TAX identification number > ≥ reject T02(P, R, T, D) 

 € < D is SVD > and < T is data alteration > and < P include SVD or PRB > ≥ 

  accept T02(P, R, T, D) with ‘SVD obliterated’ and 

  ‘SVD with 1 month validity stamp’ 

 € < D is SVD > and < T is data alteration > and not  < P include SVD or PRB > ≥ 

  reject T02(P, R, T, D) 

 € < D is PC > and < P include CC or request CC > ≥ accept T02(P, R, T, D) 

 € < D is PC > and not < P include CC or request CC > ≥ reject T02(P, R, T, D) 

 € < D is ACP > and < P include CC or request CC > ≥ accept T02(P, R, T, D) 

 € < D is ACP > and not < P include CC or request CC > ≥ reject T02(P, R, T, D) 

 fi 

no 

T02 is only accepted if the collected prerequisites follow the restrictions imposed. For each document 

(Citizen Card – CC, Driving License – DL, Single Vehicle Document – SVD, Pensioner Card – PC, ACP) 

that are different prerequisites do follow. If any of the restrictions is not followed, T02 is rejected. 

 

on accepted T02(P, R, T, D) 

 request T05(C, R, T, D) with common_data(C) 

no 

Since T02 have been accepted, T05 is requested with the common data C that is intended to be collect. 

 

on requested T05(C, R, T, D) 

 if < T is 2nd copy due to theft or loss > ≥ promise T05(C, R, T, D) with 

  < registration if citizen presents participation from authorities > 

 € not < T is 2nd copy due to theft or loss > ≥ promise T05(C, R, T, D) 
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 fi 

no 

T05 is promised taking into consideration 2nd copy cases due to loss of theft. On such cases it must be 

registered whether the citizen presents participation from authorities. The validation comes next. 

 

on stated T05(C, R, T, D) 

 if < D is CC > and < citizen does not possess CC > ≥ reject T05(C, R, T, D) and 

  request T01(R, T, D) with type(2nd copy) and document(CC) 

 € < D is DL > and < T is data alteration > and < DL is in good state > and 

  < data is congruent with CC > ≥ accept T05(C, R, T, D) with 

  ‘citizen CC number and birth date’ 

 € < D is DL > and < T is data alteration > and not  < DL is in good state > or not 

  < data is congruent with CC) ≥ reject T05(C, R, T, D) 

 € < D is SVD > and < citizen possesses SVD > and 

  < citizen presents form completed and signed by vehicle owner > ≥ 

  accept T05(C, R, T, D) with ‘citizen CC number and birth date’ 

 € < D is SVD > and not < citizen possesses SVD > or not 

  < citizen presents form completed and signed by vehicle owner > ≥ 

  reject T05(C, R, T, D) 

 fi 

no 

In order to accept T05, it is necessary to follow certain restrictions, depending on the document D 

requested and also its type T. 

 

on accepted T05(C, R, T, D) 

 request T06(S, R, T, D) with specific_data(S) 

no 

Since T05 have been accepted, T06 is requested with the specific data S that is intended to be collect. 
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on requested T06(S, R, T, D) 

 promise T06(S, R, T, D) 

no 

T06 is promised with no restrictions. 

 

on stated T06(S, R, T, D) 

 if < D is CC > and < followed IRN procedures > ≥ accept T06(S, R, T, D) 

 € < D is CC > and not < followed IRN procedures > ≥ reject T06(S, R, T, D) 

 € < D is DL > and < address given matches with CC > and 

  < S includes citizen category > and < S includes actual doc number > and 

  < S includes issuer of actual doc > and 

  < S includes info about doc proving citizen entity > and 

  < S includes alternative address > ≥ accept T06(S, R, T, D)  

 € < D is DL > and not < address given matches with CC > or not 

  < S includes citizen category > or not < S includes actual doc number > or not 

  < S includes issuer of actual doc > or not 

  < S includes info about doc proving citizen entity > or not 

  < S includes alternative address > ≥ rejects T06(S, R, T, D)  

 € < D is SVD > and < citizen presents form signed > or < signs printed form > ≥ 

  accept T06(S, R, T, D) 

 € < D is SVD > and not < citizen presents form signed > or not 

  < signs printed form > ≥ accept T06(S, R, T, D) 

 € < D is PC > and < S include citizen fiscal ID > and < S include fiscal allocation > 

  and < S include social security ID > and < S include previously address > ≥ 

  accept T06(S, R, T, D) 

 € < D is PC > and not < S include citizen fiscal ID > or not 

  < S include fiscal allocation > or not < S include social security ID > and 

  < S include previously address > ≥ accept T06(S, R, T, D) 

 € < D is ACP > and < S include name > and < S include return address > ≥ 

  accept T06(S, R, T, D) with ‘S including ACP card’. 
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 € < D is ACP > and not < S include name > or not < S include return address > ≥ 

  reject T06(S, R, T, D) 

 fi 

no 

In order to accept T06, it is necessary to follow certain restrictions, depending on the document D 

requested and also its type T. 

 

on accepted T06(S, R, T, D) 

 request T07(P, C, S, R) 

no 

 

T07 is requested for request R including the prerequisites, common data and specific data previously 

collected. 

 

on requested T07(P, C, S, R)  

 promise T07(P, C, S, R)  

no 

T07 is promised with no restrictions. 

 

on stated T07(P, C, S, R) 

 if < citizen confirms P, C and S > and < citizen signs disclaimer > ≥ 

  accept T07(P, C, S, R) 

 € not < citizen confirms P, C and S > or not < citizen signs disclaimer > ≥ 

  reject T07(P, C, S, R) 

 fi 

no 

T07 is only accepted if the citizen confirms the prerequisites P, the common data C and the specific data 

S, and also signs the form including them.  
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on accepted T07(P, C, S, R) 

 request T08(V, R) with payment_value(V) 

no 

After T07 has been accepted, T08 is requested regarding the value of payment V for request R. 

 

on requested T08(V, R) 

 promise T08(V, R) 

no 

T08 is promised with no restrictions. 

 

on stated T08(V, R) 

 if < citizen paid value V >  ≥ accept T08(V, R) 

 € not < citizen paid value V > ≥ reject T08(V, R) and request T03(R, T, D, M) with 

  motive (new M) = ‘pending payment’ 

 fi 

no 

T08 is only accepted if the citizen pays value V regarding request R. If the payment is not performed, T08 

is rejected and T03 is requested, which means to stop the document request. 

 

on accepted T08(V, R) 

 execute T01(R, T, D) 

 state T01(R, T, D) 

no 

If T08 has been accepted, we can finally execute T01, the transaction for requesting the document. It can 

also be stated (acceptance comes next). 

 

on stated T01(R, T, D) 

 if < citizen has agreed > ≥ accept T01(R, T, D) 

 fi 
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no 

If there are no complaints from the citizen, it is assumed that T01 has been accepted. 

 

on requested T03(R, T, D, M) with motive(M) 

 promise T03(R, T, D, M) 

no 

Request T03 means to stop the document request R, with type T regarding document D. It also includes 

the motive M for stopping. 

 

on stated T03(R, T, D, M) 

 if < M is an accepted motive > ≥ accept T03(R, T, D, M) 

 € not < M is an accepted motive > ≥ reject T03(R, T, D, M) 

 fi 

no 

T03 is accepted if the motive M for stopping is valid. 

 

on requested T04(R, T, D, M) 

 if accepted T03(R, T, D, M) ≥ promise T04(R, T, D, M) 

 fi 

no 

T04 is only promised if it was previously accepted to be stopped. This is all regarding the same request R. 

 

on stated T04(R, T, D, M) 

 if < motive M is solved > ≥ accept T07(P, D, M) and 

  ‘continue process from motive M stopping point’ 

 € not < motive M is solved >  ≥ reject T07(P, D, M) 

 fi 

no 
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T07 is accepted if the motive M has already been solved. In this case, the process proceeds from the point 

it was previously interrupted. 

 

on requested T09(R, I, E) 

 promise T09(R, I, E) 

no 

T09 is promised with no restrictions, regarding request R, exchange information I and entity E. 

 

on stated T09(R, I, E) 

 if < info for R is complete with common and specific data C and S > ≥ 

  accept T09(R, I, E) 

 € not < info for R is complete with common and specific data C and S > 

  ≥ reject T09(R, I, E) 

 fi 

no 

T09 is accepted if the information exchanged is complete. 

 

on requested T10(W) with working_day(new W) = ‘actual day’ 

 promise T10(W) 

no 

 

on stated T10(W) 

 if < box values are ok > and < values from SVD and CC have been separated >   
 and < total amount is ok > ≥ accept T10(W) 

 € not < box values are ok > or not < values from SVD > or not 

  < CC have been separated > or not < total amount is ok > ≥ reject T10(W) 

 fi 

no 
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T10 is accepted if those three specific conditions have been followed, in order for the cash management 

regarding the working day W is correctly verified. 

 

Activity 1.10 – State Model design 

Tab. A3. 3 – Object Property List 

property type object class scale 

photo PREREQUISITES BOOLEAN 

citizen_card PREREQUISITES NUMBER 

driving_license PREREQUISITES BOOLEAN 

parish_council_proof PREREQUISITES BOOLEAN 

tax_id PREREQUISITES NUMBER 

single_vehicle_doc PREREQUISITES BOOLEAN 

auth_participation COMMON_DATA BOOLEAN 

DL_state COMMON_DATA BOOLEAN 

SVD_form COMMON_DATA BOOLEAN 

citizen_address SPECIFIC_DATA ADDRESS 

doc_number SPECIFIC_DATA NUMBER 

citizen _category SPECIFIC_DATA CATEGORY 

actual_doc_issuer SPECIFIC_DATA NUMBER 

alternative_address SPECIFIC_DATA ADDRESS 

fiscal_allocation SPECIFIC_DATA ADDRESS 

social_payment_number SPECIFIC_DATA NUMBER 

box_value WORKING_DAY EURO 

SVD_value WORKING_DAY EURO 

CC_value WORKING_DAY EURO 

total_amount WORKING DAY EURO 
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Fig. A3. 7 – The OFD (without result types)
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Fig. A3. 8 – The OFD (with result types) 
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Activity 2.1 – Mapping from OFD to UML & Activity 2.2 – Mapping from the OPL 
to Attributes 

 

Fig. A3. 9 – UML model 
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Activity 3.1 – Define the PK for each IE 

 

Fig. A3. 10 – IA model 
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Attachment 4. The Portuguese Public Administration IA 

Model 

Fig. A4. 1 – The Portuguese Public Administration IA model 
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Attachment 5. Work Planning 

 


