
 

 

Using Event Logs and the PSI-theory to Analyse Business 

Processes   

 

 

Pedro Luís Linares Pinto 

 

 

Thesis to obtain the Master of Science Degree in 

Information Systems and Computer Engineering 

 

Supervisors: 

 

 

Prof. Miguel Leitão Bignolas Mira da Silva 

Prof. Artur Miguel Pereira Alves Caetano 

Examination Committee 

Chairperson: 

Supervisor: 

Member of the Committee:  

  

 

 

 

Prof. José Carlos Alves Pereira Monteiro 

Prof. Miguel Leitão Bignolas Mira da Silva 

Prof. José Manuel Nunes Salvador Tribolet 

 

 

November 2014 



 
 

ii 

  



 
 

iii 

Abstract 
 

The development of information technologies (IT) has increased the number of IT dependent business 

processes within organisations, enforcing the crucial role of IT in today’s enterprise implementations. 

In spite of IT advances, human beings still constitute the most valuable asset of any enterprise and the 

cooperation between them is indispensable for the operation of business processes. Traditional busi-

ness process modelling techniques have limitations regarding the acquisition process which is time-

consuming and do not take fully advantage of IT to represent updated process models. Besides, these 

techniques are limited concerning the analysis and improvement of the resulting models. This thesis 

proposes a method to analyse the operation of updated business processes in terms of the collabora-

tion between the participant actor roles, taking into account the importance of IT and human beings at 

those processes. The method receives as input event logs extracted from the application and techno-

logical infrastructure that supports the business processes and combines techniques from both Pro-

cess Mining and the Ψ-theory to analyse enterprise ontology models against the mined processes, 

detecting opportunities for business process reengineering. The method was applied to analyse a 

VPN access approval process within a national defence governmental institution, as well as the opera-

tion of a loan and overdraft approval process from a bank in the Netherlands. The evaluation of the 

proposal was performed using the Osterle principles, interviews with business process auditors and 

consultants, and appraisal received from the scientific community. 
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Resumo 

O desenvolvimento das tecnologias de informação (TI) aumentou o número de processos de negócio 

dependentes das TI nas organizações, o que contribuiu para reforçar o papel crucial das mesmas nas 

empresas de hoje. Apesar destes avanços nas TI, os seres humanos continuam a ser o recurso mais 

valioso de qualquer organização e a cooperação entre eles é indispensável para a operação dos seus 

processos de negócio. As técnicas tradicionais de modelação de processos apresentam limitações no 

que respeita ao processo de aquisição, o qual consome muito tempo e não aproveita devidamente 

todas as potencialidades das TI no que concerne à representação de modelos de processos atualiza-

dos. Além do mais, estas técnicas são limitadas no que refere à capacidade de análise e melhoria 

dos modelos produzidos. Esta tese propõe um método para analisar a operação dos processos de 

negócio, que de facto ocorrem nas organizações, em termos da colaboração entre os diferentes roles 

que neles participam, tendo em linha de conta a importância das TI e dos seres humanos nesses pro-

cessos. O método recebe como input logs extraídos das aplicações e infraestrutura tecnológica que 

suporta os processos de negócio e combina técnicas de Process Mining e a teoria PSI para analisar 

os processos de negócio atualizados que são descobertos, confrontando-os com modelos organiza-

cionais ontológicos no sentido de detetar oportunidades para reengenharia de processos. O método 

foi aplicado ao processo de aprovação de acessos VPN numa instituição governamental ligada à de-

fesa nacional, bem como à operação do processo de concessão de empréstimos num banco holan-

dês. A avaliação da proposta foi efetuada usando os princípios de Osterle, entrevistas com auditores 

e consultores de processos e críticas da comunidade científica. 

 

 

Palavras-chave: Análise de Processos de Negócio, Teoria PSI, DEMO, Process Mining, Engenharia 

Organizacional 
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1. Introduction 

Real life systems are abstracted through the use of models (Liles D. H. & Presley A. R., 1996). These 

abstractions provide an increased ability to process information more quickly, facilitate the communica-

tion of knowledge to others, and enhance the ability to reason about the system modelled by omitting 

certain aspects according to specific purposes and points of views (Hatch M. J. & Cunliffe A. L., 2006). 

Concerning business processes modelling, there are several techniques such as the traditional flow 

charts, Petri Nets (Van der Aalst W. M. P. & Van Hee K. M., 2001), EPC (Scheer, 1999), and BPMN 

(Object Management Group, 2011). However, an appropriate understanding of the notion of busi-

ness process for the purpose of (re)designing and (re)engineering business processing is 

missing in the referred techniques (Albani A. & Dietz J., 2011).  

The resulting business process models that specify the flow of activities and information do not pro-

vide the means to assess the actual consistency and completeness of a business process 

(Caetano A., Assis A. & Tribolet J., 2012). Business process reengineering approaches are often 

based on informal methods (Becker J., Kugeler M. & Rosemann M., 2003), and best practices 

(Jansen-Vullers & Monique H., 2008), (Mansar S. L. & Reijers H., 2007), (Reijers H. & Liman Mansar 

S., 2005), lacking a formal theoretical foundation. 

The lack of formal semantics behind business process languages, the ambiguous and unclear 

descriptions contribute to the difficulty in assessing the resulting process models (Barjis, 2007). Activi-

ties and informational objects whose meaning is communicated only by natural language usage con-

stitute an example of such ambiguity. Business process modelling methods tend to focus on aligning 

business and technological concepts at a high level of detail but do not prescribe the principles to 

design complete business processes (Barjis, 2007). 

Current business process modelling techniques are also limited in terms of the model acquisition pro-

cess. The acquisition process is mostly manual, usually supported by interviews, surveys, 

text/document analysis, among others (Zacarias M. S., Magalhães R. & Tribolet J., 2008). This type 

of acquisition is time-consuming and requires effort, making it hard to reflect organisational 

changes as soon as they take place (Zacarias M. S., Magalhães R. & Tribolet J., 2008).  

The problem addressed in this paper relies on the lack of methods to analyse the operation of up-

dated business processes in terms of the collaboration between actor roles involved at those 

processes. This problem is aligned with the observation that within a single organisation, the depart-

mental segmentations without an interdepartmental communication can have detrimental effects on 

business processes (Vergidis K., Turner C. & Tiwari A., 2008). Business value is generated when iso-

lated efforts are transformed into cross-functional activities (Antonucci Y. L. & Goeke R. J., 2011). 
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This paper proposes a method that facilitates the analysis of updated business processes in 

terms of the collaboration between the actor roles involved on those processes, through the com-

bination of process mining techniques and the Ψ-theory, which is a theory in enterprise engineering 

(Dietz J., 2013). 

The method is aligned with the three generic goals of enterprise engineering (Dietz J., 2013), once 

that it takes into account human beings as the most valuable asset of any enterprise, enforces the 

benefit of an integrated approach within enterprise operation that considers the enterprise domains as 

a whole (i.e. processes, software, etc.) and relies on the Ψ-theory which describes the operation of 

enterprises, supporting business understanding and enterprise changes in a way that makes those 

organised complexities manageable.  

This method has as input event logs which register how organisational business processes are con-

ducted in the field. Process mining techniques are applied in order to extract business processes 

models from the application logs (Van Der Aalst W., 2012). 

After discovering the actual enterprise business processes, the theoretical foundations of DEMO 

(Dietz J., 2006) were applied to infer ontological models that describe the structure of those processes 

in terms of business transactions. A formal checking over the consistency and completeness of the 

business processes was then performed in order to ensure that all the transactional steps are explicitly 

registered in the business process model.  

Providing a method to analyse the actual operation of business processes and helping to identify 

requirements in the underlying applications that support those processes are the main objectives of 

this paper. 

The proposed method was applied to analyse a real life event log from a national defence governmen-

tal institution. The considered log portrays the execution of the VPN access approval process for 53 

cases. In addition, the operation of a loan and overdraft approval process from a bank in the Nether-

lands was also analysed, receiving as input an event log that registered events from 13,087 process 

instances.  

In section 1.1 the research methodology used in this thesis is described. The problem and its motiva-

tions are stated in section 2. An overview over the related work is presented in section 3, including the 

theoretical foundations in which the proposed method is based upon, namely the Ψ-theory and 

DEMO. The proposed method is presented in section 4 and the use of that method to analyse real life 

business processes is portrayed in section 5. In section 6 an evaluation over the proposed method is 

performed in order to measure how well it supports a solution to the problem and in section 7 a con-

clusion is presented, which includes the method’s contributions and limitations, as well as future work. 

1.1 Research Methodology 

This research was conducted using the Design Science Research Methodology (DSRM) that aims to 

create and evaluate IT artefacts intended to solve identified organizational problems (Peffers, 2007). 
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These artefacts include constructs (vocabulary and symbols), models (abstractions and representa-

tions), methods (algorithms and practices) and instantiations (implemented and prototype systems). 

Additionally, DSRM established seven guidelines (von Alan R. H., 2004):  

 Design as an Artefact – Produce a viable artefact in the form of a construct, a model, a 

method, or an instantiation. The artefact developed in this thesis is described in section 4;  

 

 Problem Relevance – Develop technology-based solutions to important and relevant busi-

ness problems. The relevance of this thesis problem is described in section 2.  

 

 Design Evaluation – The utility, quality, and efficacy of a designed artefact must be rigorously 

demonstrated via well-executed evaluation methods as it is portrayed in section 5;  

 

 Research Contributions – Provide clear and verifiable contributions which are described in 

section 7.  

 

 Design as a Search Process – The search for an effective artefact requires utilizing available 

means to reach desired ends while satisfying laws in the problem environment. Progress is 

made iteratively as the scope of the design problem is expanded. As means, ends, and laws 

are refined and made more realistic, the design artefact becomes more relevant and valuable.  

 

 Communication of Research – The research must be presented effectively to technology-

oriented as well as management-oriented audiences.  

DSRM is an iterative process constituted by six different activities identified in Figure 1. 

 

Figure 1 - DSRM process model (Peffers, 2007) 

The six activities included in the DSRM process model are: 
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 Problem Identification – Define the specific research problem and justify the value of a solu-

tion (section 2);  

 

 Objectives Definition – Infer the objectives of a solution from the problem definition and 

knowledge of what is possible and feasible. The objectives can be quantitative, e.g., terms in 

which a desirable solution would be better than current ones, or qualitative, e.g., a description 

of how a new artefact is expected to support solutions to problems not hitherto addressed 

(section 1.2);  

 

  Design and Development – Create the artefact. Such artefacts are potentially constructs, 

models, methods, or instantiations (each defined broadly). Conceptually, a design research ar-

tefact can be any designed object in which a research contribution is embedded in the design. 

This activity includes determining the artefact’s desired functionality and its architecture, and 

then creating the actual artefact (section 4);  

 

 Demonstration – Demonstrate the use of the artefact to solve one or more instances of the 

problem. This could involve its use in experimentation, simulation, case study, proof, or other 

appropriate activity (section 5);  

 

 Evaluation – Observe and measure how well the artefact supports a solution to the problem. 

This activity involves comparing the objectives of a solution to the actual observed results from 

using the artefact in the demonstration (section 6);  

 

 Communication – Communicate the problem and its importance, the artefact, its utility and 

novelty, the rigor of its design, and its effectiveness to researchers and other relevant audi-

ences, such as practicing professionals, when appropriate (section 7.4).  

The previously described DSRM activities were adapted to this thesis context, as illustrated in 

Figure 2.  

 

Figure 2 - Adapted DSRM process model (Peffers, 2007) 
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Each one of the activities described in the DSRM process model were briefly described in Figure 2. 

The details of each activity are given throughout the thesis. Several iterations were made over the 

DSRM process, as the appraisals from the scientific community and industry experts were being re-

ceived. 

1.2 Research Objectives  

The objectives of this research are the following: 

 

 Provide a method to analyse the operation of actual business processes – use the appli-

cation event logs within a method that supports the analysis of updated business processes is 

one of the objectives of this thesis. This method should take advantage of the application and 

technological infrastructure to detect opportunities for business process reengineering. This 

objective attempts to avoid situations where management support their decisions based on 

assumed business processes that do not fit in reality. Starting business process improvement 

initiatives based on outdated models is an example of a situation that could be avoided by a 

solution that complies with this objective; 

 

 Facilitate the identification of application requirements - attending to the fact that an im-

portant percentage of software developments fail (Galorath D., 2008), this thesis has as objec-

tive to facilitate discussions regarding application requirements, by using a theoretical support 

foundation that helps to identify which steps are not explicitly registered within the applica-

tions. 

 Facilitate business process reengineering discussions – this research aims at providing 

more than informal guidelines or heuristics for business process analysis. One of the objec-

tives of this thesis is to provide a method that relies on enterprise engineering theories (i.e. the 

Ψ-theory) to analyse weaknesses within business processes. 

1.3 Thesis Structure  

This thesis is divided in the following main sections: 

1. Introduction - introduces the topic of this research and contextualize it within the literature. It 

also describes the used research methodology, its particular application to this thesis, as well 

as the research objectives and the thesis structure. 

 

2. Thesis Problem - describes in detail the underlying research problem and the motivations for 

the relevance of searching for solutions to handle it.  

 

3. Related Work - presents an overall vision of the state of the art regarding the research area 

and describes the fundamental concepts used within the thesis.  
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4. Thesis Proposal - explains the artefact (i.e. method) proposed in this thesis.  

  

5. Demonstrations - presents the application of the proposed method in solving two real life 

problem instances. 

 

6. Evaluation - presents an explanation of the followed strategy to evaluate how well the pro-

posed method supports a solution to the problem, as well as the achieved results from a criti-

cal point of view. 

 

7. Conclusion - presents a summary of the main contributions of the thesis, as well as its limita-

tions and guidelines for the future. 

 

8. Appendix – where the document that guided the structured interviews is presented.  
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2. Thesis Problem 

In this chapter, the problem’s identification and motivation activity of Design Science Research 

Methodology (DSRM) is described. The goal of this activity is to define the research problem and justi-

fy the value of the solution.  

Process orientation have proved to be an effective way of increasing organization performance by fo-

cusing on business processes instead of emphasizing organization’s functional and hierarchical struc-

tures (McCormack K. & Johnson W., 2001).  

Process orientation improves financial performance and delivery speed owing to the fact that by dis-

covering and analysing organization’s business processes it is easy to detect non-value activities 

which can be eliminated leading to cost reductions and time savings. Once that, in process orientation, 

business processes are aligned with customer requirements one can also expect that process orienta-

tion leads to higher customer satisfaction. In addition, an organizational structure in line with organiza-

tion’s business processes makes organizations faster at launching new products to the market 

(Kohlbacher M. & Reijers H., 2013). 

Graph-oriented business process modelling languages such as BPMN, for instance, besides having a 

recognized role in organizations concerning the alignment between business and IT requirements 

(Bock C., Barbau R., & Narayanan A., 2014), are limited in the way their resulting models are pro-

duced. The absence of rigid methods to define its constructs as well as the lack of a formal and explicit 

specification of a shared conceptualization constitute an important restriction. In fact, it is known that 

these families of modelling languages can exhibit a range of semantic errors, including deadlocks due 

to the inexistence of a defined formal semantic of their notations (Dijkman R., Dumas M. & Ouyang C., 

2008). 

Other aspect of traditional business process modelling techniques deal with the lack of a complete 

choreography in the resulting business process models, in the cases where there is not an explicit rep-

resentation of the transactional patterns between the several participants. This usually result in a poor 

statement of the responsibilities of the actor roles involved in those business processes, by not making 

clear the fully specification of the conversation steps between them. 

It is also known that business process modelling is a time-consuming task. The acquisition process of 

business process models is mostly manual and generally supported by interviews and the analysis of 

existing documentation within the organization. This kind of acquisition is laborious, making it hard to 

portray organizational changes as soon as they happen (Zacarias M. S., Magalhães R. & Tribolet J., 

2008).  

Bearing in mind what was stated before, and in order to benefit the most from business processes, 

organizations must find a way to address the problem of not having formal methods to analyse 

the operation of their actual business processes in terms of the collaboration between the ac-

tor roles involved on those processes. 
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If organisations do not dispose of formal methods to analyse the operation of their business processes 

and detect possible inaccuracies, then it is difficult to redesign those processes within a continuous 

business process improvement perspective. If these methods are informal or heuristic-based, then 

they may not be applied to all the generality of business processes.  

Furthermore, in cases where organisations have formal methods to analyse business processes but 

do not concentrate themselves in the actual operation of those processes, then all the analysis efforts 

may be ineffective because they are supported by assumed processes that may not match reality.  

Finally, and assuming that organisations dispose of formal methods to analyse actual processes in-

stead of assumed ones, then the problem of not concentrating the analyses efforts on the interactions 

between the employees may lead to deficiencies in terms of accountability by the employees involved. 

Methods that concentrates the business process analysis on people and their interactions are in fact 

targeting the most valuable asset in organisations, that is, human beings (Dietz J., 2013).  
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3. Related Work 

In this chapter the topics related to the research are presented as well as the existent methods for 

solving the problem defined within this thesis. A global vision of Business Process Management and 

its concepts are firstly introduced (section 3.1). The importance of IT in organisations is presented in 

section 3.2, just before the general management approaches (section 3.3). A method to analyse busi-

ness processes from a theoretical point of view is explained in section 3.4. Afterwards, an introduction 

to Process Mining and its objectives is provided (section 3.5), as well as a theory and methodology in 

Enterprise Engineering, namely the Ψ-theory and DEMO (section 3.6).   

3.1 Business Process Management 

Business Process Management (BPM) is widely recognised in research, as well as in organisations. 

The introduction of standardized processes and their automated execution in the private sector has a 

long history. Henry Ford introduced in 1913 process-oriented concepts (assembly line) in the automo-

tive industry that led to significant reduction of production times (Ford H., 2007).  

BPM may be defined as supporting business processes using methods, techniques, and soft-

ware to design, enact, control, and analyse operational processes involving humans, organisa-

tions, applications, documents and other sources of information (Van Der Aalst W. M., Ter 

Hofstede A. H. & Weske M., 2003). 

 

BPM can be resumed in a life cycle (Dumas M., La Rosa M., Mendling J. & Reijers H., 2013). The 

phases of this cycle are linked to their corresponding outputs in Figure 3. The life cycle includes the 

following phases: 

 

 Process identification – where the relevant processes are identified and related to each oth-

er based on the goal of the reality’s observation. Once that it is common that more than one 

process is considered, the process maps or process architectures can be created. 

 

 Process discovery – the actual state of processes (as-is) is modelled in this stage. Different 

levels of details are used depending on the goal of the process documentation.   

 

 Process analysis – at this stage processes are analysed and possible inaccuracies may be 

discovered, as well as possible approaches to improve processes. 

 

 Process redesign – the suggestions for improvement identified in the last phase are consid-

ered in this phase to redesign one or more processes (to-be processes).  
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 Process implementation – the to-be process is transferred into practice and the modelled 

and conceptual changes are implemented. The implementation requires organisational and 

technical adjustments. 

 

 

 
 

Figure 3 - Business Process Management Life Cycle   (Dumas M., La Rosa M., Mendling J. & Reijers H., 
2013) 

 Process monitoring and controlling – a verification over the process redesigns is performed 

in this phase, as a way to assess their success. This verification includes the definition of nec-

essary measurement criteria and the supply of instruments. In case the monitoring reveals 

new insights or deviations from the defined criteria, the process continues to be monitored or 

follows another iteration in the life BPM life cycle. 

 
Between the relevant success factor of BPM it is possible to distinguish the following: strategic align-

ment (Bandara W., Indulska M., Chong S. & Sadiq S., 2007), culture, employees and their BPM quali-

fications (Rosemann M., 2006), methods (De Bruin T. & Rosemann M., 2005), performance measure-

ment (Trkman P., 2010) and Information Technology (Davenport T., 2013)  

 

Information technology advantages for organisations are briefly presented in the next section, not only 

from a BPM perspective but also from an overall strategic point of view.   
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3.2 Information Technology role in Organisations 

Organisations have benefited from information technologies which may be viewed as a factor of pro-

duction that can substitute traditional capital and labour (Laudon K. & Laudon J., 2011). By reducing 

the costs of acquiring and analysing information, for example, IT allowed organisations to reduce the 

costs of managing a firm’s employees (agency costs). It  became easier for managers to oversee a 

greater number of employees, owing to the fact that they were able to receive much more accurate 

information on time, becoming much faster in the decision making process (Laudon K. & Laudon J., 

2011).  

In fact, IT is not only important in the strategy of organisations, as it is also crucial within the different 

stages of the BPM.  

3.2.1 Information Technology influence in organisation’s strategy 

Enterprises that “do better” than others are usually said to have a competitive advantage over others. 

A widely used model to understand these competitive advantage was proposed by Michael Porter. Ac-

cording to his competitive forces model, there are five competitive forces that that shape the fate of 

organisations, namely traditional competitors, new market entrants, substitute products, customers 

and suppliers as illustrated in Figure 4 (Porter M., 1979).  

 

Figure 4 - Michael Porter's competitive forces model 

There are four generic strategies for dealing with competitive forces that can be applied to or-

ganisations of all sizes and that may be enabled by IT, namely: low-cost leadership, product differ-
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entiation, focus on market niche, and strengthening customer and supplier intimacy (Laudon K. & 

Laudon J., 2011).  

 Low-Cost Leadership – use IT to produce products and services at a lower price than com-

petitors while enhancing quality and level of service. For example the Walmart’s continuous 

replenishment system sends orders for new merchandise directly to suppliers as soon as cus-

tomers pay for their purchases at the cash register (Laudon K. & Laudon J., 2011).  

 

 Product Differentiation – emphasises the use of IT to differentiate products and enable new 

services and products. Google, for example, continuously introduces new and unique search 

services on its Web site, such as Google Maps (Laudon K. & Laudon J., 2011). 

 

 Focus on Market Niche – refers to the use of IT to enable a focused strategy on a single 

market niche. Customer buying patterns, for example, may be analysed closely and allows for 

efficiently pitch advertising and marketing campaigns to smaller and smaller target markets 

(Laudon K. & Laudon J., 2011). 

 

 Strengthen Customer and Supplier Intimacy – covers the use of IT solutions to develop 

strong ties and loyalty with customers and suppliers. Amazon, for example, keeps track of us-

er preferences and gives customised recommendations (Laudon K. & Laudon J., 2011). 

3.2.2 Information Technology influence in BPM 

Information technology (IT) refers to the software, hardware and information systems that enable and 

support process activities, being pointed out as a core element of BPM (Rosemann M. & vom Brocke 

J., 2010). There are IT components that cover the different needs of each process lifecycle stage:  

 Process design and modelling IT solutions – covers the (semi)automated support that en-

ables the discovery of process models from log files (process mining), and the IT tools that 

support business process modelling and analysis (e.g. process animation, process simulation) 

(Van der Aalst W. M., Nakatumba J., Rozinat A. & Russell N., 2010). 

 

 IT-based Process implementation and execution – emphasises on the automated trans-

formation of process models into executable specifications and the corresponding workflow-

based process execution (Ouyang, C., Adams M., Wynn M. & Ter Hofstede A., 2010), as well 

as document management systems or service enabled processes. This entire category of 

software is usually labelled “process-aware information systems” (Dumas M., Van der Aalst W. 

M. & Ter Hofstede A., 2005). 
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 IT-related Process control and measurement – covers the IT solutions that enable 

(semi)automated exception handling, performance visualization (e.g. dashboards) and pro-

cess controlling.  

 

 IT tools for process improvement and innovation – provide (semi)automated support for 

the generation of improved business processes. These could be solutions that provide agile 

(i.e. self-learning) tools that continuously adjust business processes based on contextual 

changes. 

 

 Process project management and program management IT solutions – facilitate the 

overall management of different types of BPM initiatives for process owners, including deci-

sion support (i.e. decision support systems).  

 

3.3 General Management Approaches 

In this section some of the most common management approaches regarding the analysis of business 

process are briefly presented, namely the benchmarking and balanced scorecard approaches.   

3.3.1 Benchmarking 

Benchmarking relies on utilizing available experience and knowledge from comparable business pro-

cesses. Qualitative benchmarking matches the actual situation against well-known good practices, 

which may be documented in frameworks such as CobiT (ISACA, 2012). These practices may relate to 

organizational structures or directly to business processes or information systems. Quantitative 

benchmarking is supported by key performance indicators (Parmenter D., 2010) to measure process 

aspects. Benchmarking facilitates comparison between peer organisations (Camp R. & Camp Robert 

C., 1989). 

3.3.2 Balanced scorecard 

The balanced scorecard approach is used to measure and control organisational performance based 

on multiple perspectives, for example, the “financial”, the “customer”, the “innovation and learning”, 

and the “internal business” dimensions (Kaplan R. & Norton D., 1996). Organisations develop specific 

key performance indicators and assign them to each dimension in order to allow for distinct tracking. 

Application of the original concept to business processes requires adaptation of the scorecard per-

spectives, as they are defined to encompass all performance aspects of an organisation and not only 

business processes (Lohrmann M. & Reichert M., 2013).  

3.3.3 Critical analysis to General Management Approaches 

Good practices often come up with experience and may save organisations from harmful situations 

already faced by similar ones in the past. In this way, organisations must be aware of these practices. 
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However, benchmarking by relying on informal practices do not provide an appropriate understanding 

of the notion of business process for the purpose of (re)designing and (re)engineering business pro-

cessing. In other words, the analysis of business processes gathered from benchmarking is not based 

on a well-grounded theoretical point of view that explains the operation of enterprises. Balanced 

scorecard also do not provide clarifications regarding the organisation’s future perspectives in terms of 

business processes, that is, they are not able to identify clearly the activities that are missing in the 

enterprise business processes. 

3.4 Circular Method for Analysis and Compliance 

The Circular Method for Analysis and Compliance (CMAC) describes a method that relies on DEMO in 

order to improve and verify the consistency and completeness of business process models. CMAC is 

built upon two modelling approaches: a bottom-up phase and a top-down phase (Assis A., 2011). The 

method is illustrated in Figure 5. 

 

Figure 5 – The two approaches of CMAC 

3.4.1 The Bottom-up phase 

This phase is constituted by three main actions: business process model analysis, DEMO models 

generation, and DEMO models revision (Caetano A., Assis A. & Tribolet J., 2012).   

1) Business process model analysis 

In this first action of the bottom-up phase the design elements or artefacts used to represent the busi-

ness process model are analysed. Typically, this analysis involve the following elements: 

 Decision points (e.g. gateways); 

 Areas of responsibility (swimlanes); 
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 Activity names; 

This first step finishes when every acts of speech are properly identified and classified according to 

the Performa-Informa-Forma and Coordination-Actor Roles-Production analysis (PIF/CAP analysis) 

(Shishkov B., Xie Z., Liu K. & Dietz J., 2005). 

 

2) DEMO model generation 

This step focuses on the performa coordination and production acts that represents ontological actions 

and classifies the performa coordination acts according to the Ψ-theory’s transaction axiom, that is, 

each business process activity is classified as a request, promise, state or accept coordination act as 

stated in the basic transaction pattern. If this analysis is supported on the standard transaction pattern 

than the decline, reject, stop and quit acts are also considered (Caetano A., Assis A. & Tribolet J., 

2012). 

The DEMO process model is then generated according to the classification of the coordination acts, 

control and data constraints specified on the input process model (Caetano A., Assis A. & Tribolet J., 

2012).  

3) DEMO models revision 

The missing acts found on the generated DEMO process model from last step are added at this stage. 

These missing acts correspond to the ontological acts that are not presented explicitly in the analysed 

input business process. The Ψ-theory’s transaction axiom is used as a way to revise the DEMO pro-

cess model, so that every transaction goes through the steps defined in the O-phase, E-phase and R-

phase. Next, the Ψ-theory’s   composition axiom is applied to ensure that all the transaction steps fol-

low a logical sequence according to the pattern. Therefore, the output of the bottom-up phase is a set 

of revised diagrams, namely a process structure diagram (process model) and an actor transaction 

diagram (construction model) (Caetano A., Assis A. & Tribolet J., 2012). 

3.4.2 The Top-Down phase 

The revised DEMO models produced in the bottom-up phase are used as a way to assess the compli-

ance of the original business process model. The input business process model is then revised attend-

ing to the results of this assessment, so that it becomes complete and consistent with the DEMO 

models (Caetano A., Assis A. & Tribolet J., 2012). 

1) Assess the compliance of the input process model 

In this first step of the top-down phase, a gap analysis is performed so that the ontological acts de-

scribed in the revised DEMO model that are not reflected in the input business process model are 

properly identified.  
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2) Revise the input process model 

The original input process model is revised, so that its activities match the missing ontological acts 

identified in the previous step. In this way, the revised process model becomes compliant with the Ψ-

theory. Therefore, the process model is, at this stage, consistent with the transactional model and 

complete as it explicitly contains all transactional steps. 

3.4.3 Critical Analysis to Circular Method for Analysis and Compliance  

The Circular Method for Analysis and Compliance (CMAC) provides a way to analyse business pro-

cess models based on DEMO, whose theoretical background is supported by one of the theories in 

enterprise engineering, namely the Ψ-theory. In this way, CMAC is more relevant from an engineering 

point of view than the general guidelines and good practices usually adopted by management to ana-

lyse and improve their processes.  

However, and having as input organisation’s process models, CMAC makes the implicit assumption 

that organisations document their process models, which is not always the case. Besides, for organi-

sations that document their process models CMAC does not provide any verification in order to check 

if this models are updated and if they still represent the way actual processes are carried on. Addition-

ally, CMAC also seems not to take advantage of the fundamental role of IT in organisations, specially 

the role of IT in BPM. For that reason, CMAC positions itself implicitly as a completely manual method.         
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3.5 Process Mining 

Process mining main goal is to discover, monitor and improve real processes (not assumed ones) by 

extracting knowledge from information systems’ logs (Van Der Aalst W., 2012). Process Mining in-

cludes process discovery (extracting process models from event logs), conformance checking (moni-

toring deviations by comparing model and logs) and enhancement (extension and improvement of ex-

isting process models, using information about the actual process recorded in some event log) (Van 

Der Aalst W., 2012). 

 

Figure 6 – Representation of the three main types of process mining: discovery, conformance and 

enhancement (Van Der Aalst W., 2012) 

Process mining may be considered from different perspectives. The control-flow perspective enhances 

the ordering of activities. This perspective is used to find a characterization of all possible paths and 

the result is often presented in terms of a Petri net or in some other process notation (Van Der Aalst 

W., 2012).  

The organizational perspective focuses on the actors (e.g. people, systems, roles, departments) hid-

den in the log and the way they relate with each other. This perspective stands when classifying peo-

ple in terms of roles and organizational units or to show the social network (Van Der Aalst W., 2012). 

The case perspective deals with properties of cases, that is, the values of case data elements (Van 

Der Aalst W., 2012). For example, if a case represents a loan application it may be interesting to know 

its amount. The time perspective is all about timing and frequency of events (Van Der Aalst W., 2012). 

If the events are supported with timestamps, it is possible to discover bottlenecks, measure service 

levels, monitor the utilization of resources and predict the remaining processing time of running cases 

(Van Der Aalst W., 2012). 
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3.6 Enterprise Engineering 

In a recent publication, the three generic goals of the Enterprise Engineering discipline were stated 

(Dietz J., 2013). The first goal mentioned was intellectual manageability that advocates for the need of 

having theories about the construction and operation of enterprises that support enterprise under-

standing and enterprise changes in a way that makes those organised complexities manageable 

(Dietz J., 2013).  

The second Enterprise Engineering generic goal stated was organisational concinnity that enforces 

the benefit of an integrated and unified approach within the enterprise operation that takes all the en-

terprise domains (processes, software, information, infrastructure, etc.) as a unique whole (Dietz J., 

2013). 

Social devotion was the last Enterprise Engineering goal which emphasizes the importance of human 

beings and considers them the most valuable asset of any enterprise, stating that they should be em-

powered and have the authority to perform their tasks with full access to any relevant information they 

need to complete those tasks (Dietz J., 2013). 

 A theory and a methodology in Enterprise Engineering, namely the Ψ-theory and DEMO are now pre-

sented. 

 3.6.1 Ψ-Theory  

Enterprise Ontology (EO) provides a powerful insight about the essence of the operations within an 

organization which is completely independent of the organization’s realization and implementation 

(Dietz J., 2006). Being ontology, EO supplies a basis for the common understanding of an area that 

has interest to a community of people who may have different cultural backgrounds and who may not 

know each other. Enterprise Ontology is supported by a theory named Ψ (PSI) Theory. 

The Ψ-theory is the theory that underlines the notion of enterprise ontology (Dietz J., 2006). It has four 

axioms namely the Operation Axiom, the Transaction Axiom, the Composition Axiom and the Distinc-

tion Axiom and one theorem, the Organization Theorem. 

Operation Axiom  

The first axiom of the Ψ-theory states that the operation of an enterprise is constituted by the activities 

of actor roles, which are elementary chunks of authority and responsibility, fulfilled by subjects (Dietz 

J., 2006). In doing so, these subjects perform two kinds of acts: production acts and coordination acts. 

These acts have definite results: production facts and coordination facts, respectively (Dietz J., 2006). 

By performing production acts (P-acts for short) the subjects contribute to bringing about the goods 

and/or services that are delivered to the environment of the enterprise (Dietz J., 2006). The realization 

of a production act is either material or immaterial. Examples of material acts are all manufacturing 

acts, as well as storage and transportation acts. Examples of immaterial acts are the judgment by a 
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court to sentence someone, the decision to grant an insurance claim, and the appointment of some-

one as president (Dietz J., 2006).  

By performing coordination acts (C-acts for short) subjects enter into and comply with commitments 

towards each other regarding the performance of production acts (Dietz J., 2006). A subject in its ful-

filment of an actor role is called an actor. 

 

Figure 7 - Operation Axiom (Dietz J., 2006) 

Figure 7 exhibits the operation axiom graphically. The symbol for coordination is the disc, the symbol 

for actor roles is the box, and the symbol for production is the diamond (Dietz J., 2006). The plain ar-

row from the actor’s box to the C-world disc expresses that actors perform C-acts. The dashed arrow 

from the C-world disc to the actor’s box expresses that actors take account of the state of the C-world 

when being active (Dietz J., 2006). Likewise, the plain arrow from the actors box to the P-world dia-

mond expresses that actors perform P-acts, and the dashed arrow from the P-world diamond to the 

actors box expresses that actors take account of the state of the P-world when active (Dietz J., 2006).  

Using the notions of actor roles, C-acts/facts, and P-acts/facts, a full abstraction is made from theirs 

particular implementations. In this way, the particular subjects that fulfil the actor roles at a particular 

time, the particular way in which C-acts are performed, and the particularly way in which P-acts are 

performed are all abstracted (Dietz J., 2006). 

Transaction Axiom  

The Transaction Axiom makes clear how the coordination acts and the production acts mentioned in 

the Operation Axiom relate with each other. The Transaction Axiom states that coordination acts are 

performed as steps in universal patterns (Dietz J., 2006). These patterns, also called transactions, al-

ways involve two actor roles and are aimed at achieving a particular result (Dietz J., 2006).  

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

phase for short), and the result phase (R-phase for short) (Dietz J., 2006). One of the two partaking 

actor roles is called the initiator, and the other is called the executor of the transaction. 

 In the order phase, the initiator and the executor work to reach an agreement about the intended re-

sult of the transaction, i.e., the production fact that the executor is going to create as well as the in-

tended time of creation (Dietz J., 2006). In the execution phase, this production fact is actually brought 

about by the executor. In the result phase, the initiator and the executor work to reach an agreement 

about the production fact that is actually produced, as well as the actual time of creation (both of which 

may differ from what was originally requested) (Dietz J., 2006). Only if this agreement is reached will 
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the production fact come into existence. The moment at which it starts to exist is agreed upon in the 

result phase by the two actor roles that play the role of initiator and executor, respectively (Dietz J., 

2006). 

 

Figure 8 - Basic Transaction Pattern (Dietz J., 2006) 

Composition Axiom  

The Composition Axiom of the Ψ-theory states that every transaction is enclosed in some other trans-

action (Dietz J., 2006). This axiom provides the basis of a well-founded definition of the notion of busi-

ness process, stating that a business process is a collection of causally related transaction 

types, such that the starting step is either a request performed by an actor role in the environ-

ment (external activation) or a request by an internal actor role to itself (self-activation) (Dietz 

J., 2006). Every transaction type is represented by the complete transaction pattern (Dietz J., 

2006). 

 

 

Figure 9 – Transaction T2 is an enclosed transaction of T1 (Dietz J., 2006) 
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Distinction Axiom  

The Distiction Axiom of the Ψ-theory states that there are three distinct human abilities playing a role 

in the operation of actors, called performa, informa and forma. These abilities regard communication, 

creating things, reasoning, and information processing (Dietz J., 2006). 

 

Figure 10 - Performa, informa and forma human abilities (Dietz J., 2006) 

The ability that deals with the form aspects of communication and information is called forma like utter-

ing and perceiving of sentences in some language, the syntactical analysis of such sentences, coding 

schemes, transmission of data, storage and retrieval of data or documents (Dietz J., 2006). The infor-

ma ability abstracts the form aspects and is concerned with the content aspects of communication and 

information as sharing of thoughts between people, the remembering and recalling of knowledge and 

reasoning (Dietz J., 2006). The performa ability concerns the bringing about of new, original things, 

directly or indirectly by communication as commitments, decisions and judgments (Dietz J., 2006). 

Organization Theorem  

The Organization Theorem states that 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 J., 2006). 

Each one of the layers supports the other, namely the D-organization supports the I-organization and 

the I-organization supports the B-organization (Dietz J., 2006).  

All these three homogeneous systems are in the category of social systems, which means that they 

are similar in what regards coordination, differing only in the kind of production: the production in the 

B-organization is ontological, the production in the I-organization is infological, and the production in 

the D-organization is datalogical (Dietz J., 2006). Examples of datalogical production acts are storing, 

copying, transmitting of documents or data. Acts such as reasoning, computing, deriving, or reproduc-

ing knowledge are examples of infological production acts and the acts concerning the creation of 

original new things, such as creating material products or making judgments are examples of ontologi-

cal production acts (Dietz J., 2006). 
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Figure 11 - Representation of the Organization theorem (Dietz J., 2006) 

3.6.2 DEMO 

DEMO is a methodology for modelling, (re)designing and (re)engineering organizations and networks 

of organizations. DEMO consists of four aspect models, represented by particular diagrams, tables 

and lists: 

The Construction Model 

The Construction Model (CM) specifies the identified transaction types and the associated actor roles, 

as well as the information links between the actor roles and the information bank. The CM specifies 

the composition, environment, and structure of an organization (Dietz J., 2006): 

 The Interaction Model (IAM) – shows the active influences between actor roles, i.e. the exe-

cution of transactions (Dietz J., 2006); 

 The Interstriction Model (ISM) – shows the passive influences between actor roles, i.e. the 

taking into account of existing facts by an actor role when being active (Dietz J., 2006). 

 

The Process Model 

The Process Model (PM) contains, for every transaction type in the CM, the specific transaction pat-

tern of the transaction type. The PM also contains the causal and conditional relationships between 

transactions (Dietz J., 2006). 

 

The Action Model 

The Action Model (AM) specifies the action rules that serve as guidelines for the actors in dealing with 

their agenda. For every coordination step, there is an action rule that guides how the performing actor 

role should respond to the reached status (Dietz J., 2006). 

 

The State Model 

The State Model specifies the state space of the P-world: the object classes and fact types, the result 

types, and the ontological coexistence rules. SM is the ideal starting point for developing and main-

taining the data dictionary of an enterprise and it simplifies the identification of business components 

(software components), based on the chunks of fact types around categories (Dietz J., 2006). 

These models (depicted in Figure 12) constitute the complete ontological model of Business-

organization and subsequently represent the ontological model of the corresponding enterprise. 
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Figure 12 – The ontological aspect models (Dietz J., 2006) 

The logical sequence of producing the aspect models is anticlockwise, starting with the interaction 

model (IAM).  

On the left of Figure 13, the diagram types in which the aspect models are expressed are shown, 

while on the right, the cross-model table types are shown. The Interaction Model (IAM) is expressed 

by the Actor Transaction Diagram (ATD) and the Transaction Result Table (TRT). The Process Model 

(PM) is expressed by the Process Structure Diagram (PSD) and the Information Use Table (IUT). The 

Action Model (AM) is expressed by action rules specifications. The State Model (SM) is expressed by 

the Object Fact Diagram (OFD), TRT, and IUT. Finally, the Interstriction Model (IM) is expressed by the 

Actor Bank Diagram (ABD) and the Bank Contents Table (BCT) (Dietz J., 2006). 

 

 

Figure 13 – The diagrams (on the left) for each of the DEMO aspect models, and the cross-model tables 

(on the right) (Dietz J., 2006)  

The most relevant model for the proposal is the Process Model because it contains the business pro-

cesses of the organization. 
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4. Thesis Proposal 

In this thesis a method to analyse the consistency and completeness of actual business processes in 

terms of the collaboration between the actor roles involved on those processes is proposed. The pro-

posed method receives as input application logs, where events created by employees within 

the completion of their daily tasks remain registered, and returns, as output, the missing ele-

ments of the business processes supported by those applications, according to the Ψ-theory 

transaction patterns. 

The method is based on Process Mining and DEMO, once that it starts by discovering updated busi-

ness processes from the application event logs, and then analyses them against the corresponding 

DEMO models that portray the conversation steps between the actor roles participating on those pro-

cesses.  

The method comprises two main phases: the bottom-up and the top-down phases, described through 

the bottom-up steps (BU for short) and the top-down steps (TD for short) respectively. An illustration is 

provided in Figure 14. 
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Figure 14 - Proposed method 

 

The bottom-up phase starts with the discovery of a business process model from an event log through 

the use of process mining techniques, and proceeds with the inference of the corresponding DEMO 

construction and process models.  

The bottom-up phase aims at identifying the production and coordination acts of the produced DEMO 

model. These abstracted production and coordination acts are modelled in DEMO and confronted with 

the Ψ-theory axioms to assess their consistency and completeness.  

The bottom-up phase is therefore the first step to capture the coordination and production acts of a 

process model. However, the DEMO process model corresponding to the mined business process 

model may have conversational gaps between the actors roles involved on the business process. In 

this cases, the DEMO models are completed according to the Ψ-theory axioms, so that they can be 

used later to check if the initial mined process model complies with the DEMO transaction patterns. 
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The top-down phase is where a gap analysis is performed and where missing actions are identified in 

the discovered business process model using the corrected DEMO model that complies with the Ψ-

theory axioms. This DEMO model is used to review the mined business process model, so that its 

embedded coordination and production actions comply with the corrected DEMO model. 

4.1 The Bottom-up Phase 

The bottom-up phase starts with event logs extracted from the application that supports the business 

process to be analysed and returns the corresponding DEMO construction and process models.  

4.1.1 Step BU-1: Discover the business process model from the event log 

In this phase, a business process model is discovered from the application event logs. There are sev-

eral process mining algorithms that can be applied for that purpose, as well as available tools that im-

plement a selection of those algorithms.  

In this thesis the Flexible Heuristics Miner (FHM) algorithm was used. An important motivation for the 

use of that algorithm was his good performance over practical situations and the easier understanding 

of its resulting models when compared with other formalisms (Weijters A. & Ribeiro J., 2011). The 

Fuzzy Miner algorithm was also used so that it is possible to understand that the application of the 

proposed method is not dependent of a particular process mining algorithm (Günther C. & Van Der 

Aalst W., 2007) 

4.1.2 Step BU-2: Analyse the discovered process model 

This step aims at analyse the design artefacts used to represent the discovered business process 

model from the last step. It analyses the portrayed activities and classifies them according to the Ψ-

theory’s operation and distinction axioms. As a result each activity is classified as a production or co-

ordination act (operation axiom) and also as a performa, informa, or forma speech act (distinction axi-

om).  

Beyond that, the operation axiom also discriminates the actor roles involved in the process. The result 

of this step is a traceable list that maps the coordination and production acts and actor roles to the 

discovered process model from where they were sourced. 

4.1.3 Step BU-3: Generate the DEMO models 

This step starts by focusing on the performa coordination and production acts identified in the last 

step. Those acts represent the ontological actions that are further classified according to the transac-

tion patterns described in the Ψ-theory’s transaction axiom.  

In other words, each business process activity is classified as a request, promise, state or accept co-

ordination act according to the basic transaction pattern. In case the process is analysed according to 

the standard transaction pattern, the decline, reject, stop and quit acts are also considered (Dietz J., 

2006). 
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4.1.4 Step BU-4: Revise the DEMO models 

Missing acts from the DEMO models generated in the previous step are added into a revised DEMO 

model. These missing acts are the ontological acts that are not described explicitly in the mined busi-

ness process model.  

The DEMO models are revised according to the transaction axiom so that every transaction goes 

through the steps defined in the O-phase, E-phase, and R-phase (Dietz J., 2006).  

Composition axiom is then applied and ensures that all of the transaction steps follow a logical se-

quence according to the pattern. This is the last step on the bottom-up phase and creates a set of re-

vised DEMO diagrams, namely a process structure diagram (process model) and an actor transaction 

diagram (construction model). 

4.2. Top-Down Phase 

In this phase, the DEMO construction and process models produced as output of the bottom-up phase 

are used as a means to check the compliance of the original mined process models. The results of this 

validation are then used to revise the mined business process model so that it becomes complete and 

consistent with the DEMO models. This phase is described through the explanation of the top-down 

steps. 

4.2.1 Step TD-1: Assess the compliance  

This step performs a gap analysis that identifies the ontological acts in the revised DEMO model that 

are not explicitly defined in the mined business process model. 

4.2.2 Step TD-2: Revise the discovered process model 

The original mined process model is revised so that its activities match the missing ontological acts. 

The revised process becomes Ψ-theory compliant, meaning it is now consistent with the transactional 

model and complete as it explicitly contains all transactional steps.  

The list of missing business process ontological acts are explicitly registered in the business process 

model, which may lead to changes in the applications that support that model. These application 

changes may origin new event logs that can be used as input in further iterations of the method, within 

a continuous business process analysis perspective.  

4.3 Summary 

This section explained the proposed method for analysing and detecting opportunities for improving 

actual business processes. As stated, the method has a bottom-up phase where a business process 

model is discovered from the events registered in the applications that support processes. From that 

business process model, the business transactions between the several actor roles are identified and 

the corresponding DEMO models are generated. In the top-down phase of the method an analysis is 
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performed over the transaction elements (according to the Ψ-theory) missing in the mined business 

process model. Finally, that discovered business process model is revised so that the missing acts are 

included. This method may be iterated in a perspective of continuous business process improvement. 
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5. Demonstrations 

This section corresponds to the fourth activity of the DSRM process, which aims at demonstrating the 

use of the artefact in the resolution of one or more instances of the problem. The proposed method 

was applied to analyse a VPN access approval process within a national defence governmental insti-

tution, as well as the operation of a loan and overdraft approval, receiving as input event logs gathered 

from the applications used by organization members to support those business processes.  

5.1 National Defence Governmental Institution  

This demonstration was performed in a national defence governmental institution. The institution ad-

ministrates shared IT infrastructures, including databases, operating systems, internal networks, and supports 

users through a centralized IT service desk. 

Logs from the IT service desk application were analysed and the proposed method was applied over 53 VPN 

access approval process instances. Each event registered in the log was identified by the corresponding pro-

cess instance identifier, its category (i.e. VPN access), the time of its creation, the person responsible for trig-

gering it, as well as its current status (i.e. closed). 

The VPN access approval process starts with a VPN access request, followed by a notification by the IT ser-

vice desk to the requester. The process proceed with the authorization granting by the VPN access approver 

and terminates with the access creation, followed by the corresponding end-user validation. 

The application of the proposed method is presented step-by-step for the VPN access approval process. As it 

was referred previously, the proposed method has a first bottom-up phase that starts with event logs gathered 

from the application that supports the VPN access approval process, goes through the business process dis-

covery and from that infers the corresponding DEMO models (i.e. construction and process models) that are 

used as input of the top-down phase to analyse the business process and its underlying applications in terms 

of the missing conversation steps between the actors involved in the process.  

 5.1.1 Application of the Bottom-up Phase 

The bottom-up phase started with an event log extracted from the IT service desk application, whose 

process instances were filtered by the VPN access approval process. 

The considered event log had one field that stated the process instance identifier, so that it was possi-

ble to differentiate cases within the VPN access approval. It was also possible to check the ordered 

events within each process instance, as well as their corresponding state (e.g. closed) and creation 

date. 

The associated business process for granting VPN access to the internal network maintained by the 

institution in scope was then discovered from the event log and the corresponding DEMO construction 

and process models were generated. This bottom-up phase is explained through the description of the 

bottom-up steps (BU steps for short). 
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5.1.1.1 Step BU-1: Discover the business process model from the event log 

The objective of this step is to discover the business process model from the provided event log. For 

that purpose, the process mining toolkit ProM 6 (Verbeek H., Buijs J., Van Dongen B. & Van Der Aalst 

W., 2011) was used and a graphical representation for the VPN access approval was obtained, as il-

lustrated in Figure 15 . Note that, for event logs that have quality issues like missing data, incorrect 

data, imprecise data or irrelevant data, specific techniques may be considered in order to improve the 

mining results (Bose R., Mans R. & Van der Aalst W., 2013).  

 

Figure 15 - Output of the "Mine for a Casual Net using Heuristics Miner" plugin in ProM 6 

The business process representation portrayed in Figure 15, was obtained from the application of the 

“Mine for a Casual Net using Heuristics Miner” plugin available in ProM 6. This plugin was built upon 

the Flexible Heuristics Miner (FHM) algorithm. The rationale behind the use of that algorithm was its 

good performance over practical situations and the easier understanding of its resulting models when 

compared with other formalisms (Weijters A. & Ribeiro J., 2011). 

As Figure 15 shows, the process starts with the creation of a ticket (“Data de Criação” activity) in the 

IT service desk application, triggered by an implicit VPN access request, which is followed by the cor-

responding notification to the requester (“Notificação Email ao requisitante” activity).  

The request is then approved by the employees with responsibilities in the organisation to do so (“Au-

torização do pedido” activity). An authorization is always mandatory for granting VPN access to the 

internal network owing to the fact that this kind of access is risky because it allows access to the com-

pany internal resources from outside the office.  

After the authorization is approved, the initial VPN access request is satisfied and a validation is per-

formed by the end user (“Validação do utilizador” activity).        

5.1.1.2 Step BU-2: Analyse the discovered process model 

After discovering the business process model from the event log, the next step of the method states 

that the activities presented in the model should be analysed according to the operation and distinction 

axioms of the Ψ-theory. For that purpose Table 1 was created, which also includes the analysis ac-

cording to the transaction axiom. 
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Table 1 – Classification of the VPN access approval process activities according to the Ψ-theory opera-
tion, distinction and transaction axioms  

Activity Description Operation Axiom Distinction Axiom Transaction Axiom 

Creation date Coordination Ontological T01/request 

Email notification to the 
requester 

Coordination Ontological T01/promise 

Request authorisation Production Ontological T02/execute 

Send email - Datalogical - 

Execute request Production Ontological T01/execute 

User validation Coordination Ontological T01/accept 

 

All the activities presented in Table 1 were classified as ontological except the datalogical send email 

activity, which was excluded and did not feed the generation of the DEMO models in the next method’s 

step. Afterwards, the ontological acts were classified attending to the Ψ-theory’s operation axiom as 

coordination and production acts.  

Finally, the coordination acts were classified according to the transaction axiom. Labelling two different 

events as production acts confirmed the existence of two different ontological transactions (T01 and 

T02), as well as the coordination acts associated to each one of them. 

This business process analysis according to the Ψ-theory, provided input for the next step of the pro-

posed method, being essential to the generation of the DEMO construction and process models. 

5.1.1.3 Step BU-3: Generate the DEMO Models 

After classifying the originally activities represented in the mined business process model according to 

the Ψ-theory distinction, operational and transactional axioms, it was possible to generate the corre-

sponding DEMO construction model, represented through the Actor Transaction Diagram in Figure 16. 
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Figure 16 - Actor Transaction Diagram for the VPN access approval process 

As Figure 16 portrays, the VPN access approval process is built upon two casually related 

transactions types (T01 and T02) according to the business process definition stated in the Ψ-theory’s 

composition axiom.  

In transaction T01 the employee fulfilling the VPN Access Requester role interacts with the employee 

belonging to the IT Staff role in order to get a VPN account created.  

Besides the IT Staff agreement on granting the VPN access, a formal approval from a responsible 

(typically the business unit manager) is needed, so that the requirements for the VPN access are 

properly reviewed, and a decision regarding the necessity of this access for employees or service pro-

viders can be made based on their responsibilities within the organisation. 

As referred in the Ψ-theory’s transaction axiom, every transaction type is represented by the complete 

transaction pattern. The DEMO process model is presented in Figure 17, considering the classification 

based upon the transaction axiom presented in Table 1. 

 

Figure 17 - Incomplete VPN access approval process representation in DEMO 
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As it is possible to check, some steps are missing from the DEMO process model, indicating that 

those elements are not explicitly represented in the mined business process model discovered from 

the original application event log.  

Regarding transaction T01, there is not an explicit act stating the VPN account creation (i.e. T01/state 

act) by the IT staff. As far as transaction T02 is concerned, all the coordination acts, namely the 

T02/request, T02/promise T02/state and T02/accept, which express the commitments between the IT 

staff and the business approver, are missing from the original VPN access approval business process 

model. 

5.1.1.4 Step BU-4: Revise the DEMO Models 

In the final step of the bottom-up application of the proposed method, the incomplete DEMO process 

model was revised in order to include all the transactional steps, according to the basic transaction 

pattern, as illustrated in Figure 18. 

 

Figure 18 - Revised VPN access approval process in DEMO 

This step ended the bottom-up phase of the proposed method outputting a revised DEMO process 

model that was then used against the original VPN access approval process in order to ensure that  all 

the commitments between the actors roles participating in the process were explicitly defined. 

5.1.2 Application of the Top-down Phase 

After producing the DEMO construction and process models in the bottom-up phase, the compliance 

over the original real life VPN access approval process was performed. 

5.1.2.1 Step TD-1: Assess the compliance 

In this step the acts represented in the revised DEMO process model that were missing in the discov-

ered VPN access approval process model were identified. Figure 19 emphasizes the 5 missing acts 

found, namely the T01/state, T02/request, T02/promise, T02/state and T02/accept coordination acts. 
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Figure 19 - Gap analysis: missing steps in the VPN access approval DEMO process 

 

5.1.2.2 Step TD-2: Revise the discovered process model 

In this step a revision over the VPN access approval process model discovered from the event log 

was performed, according to the gaps identified in the previous step. The revised labelled process is 

depicted in Figure 20.  

 

Figure 20 - Revised VPN access approval process 

The changes imply adding five new activities to the process, one for each missing ontological act, 

namely: T01/state, T02/request, T02/promise, T02/state and T02/accept. The semantics of the new 
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activities are well defined in the Ψ-theory, and that is why their names are not explicitly represented in 

the revised process of Figure 20. After this step, the revised business process becomes consistent 

and complete according to the Ψ-theory.  

Those findings also suggested new IT requirements to the application that is supporting the VPN ac-

cess approval process in the institution. In fact, the revised process allowed changes in the supporting 

application by modifying the configurations of the implemented workflow for the VPN access approval 

process, so that it explicitly included the identified missing activities.  

5.1.3 Summary 

This first demonstration aims at illustrate the use of the proposed method for the analysis of the con-

sistency and completeness of the VPN access approval process within a national defence governmen-

tal institution. Having as input event logs extracted from the application that supports the VPN access 

approval process, process mining was applied to discover its underlying process model. The mined 

process model was then analysed according to the Ψ-theory axioms and the corresponding DEMO 

construction and process model were generated, concluding the bottom-up phase of the method.  

Afterwards, in the top-down phase of the proposed method, the compliance of the mined process 

model was assessed according to the steps of the transaction patterns portrayed in the DEMO pro-

cess model. Finally, the mined VPN access approval process was revised so that it complies with the 

Ψ-theory.   

5.2 Dutch Bank 

In this demonstration, the event log that inputs the proposed method describes the loan and overdraft 

approval process from a bank in the Netherlands. The process has already been introduced to re-

searchers in one of the Business Process Intelligence Challenges, co-organized by the IEEE Task 

Force on Process Mining in 2012 (Van Der Aalst W., 2012). The considered event log is constituted by 

13,087 cases and the events registered in it are triggered by 69 different employees. The data cap-

tured process events for loan and overdraft applications over a six month period from October 2011 to 

March 2012.  

This log was chosen because it portrays a complex but familiar process that starts with the submission 

of a loan application by the customer and ends with the eventual conclusion of that application into an 

approval, cancellation or rejection. Furthermore, the used event log is available online for free and it is 

supported by a credible entity in the domain, namely the IEEE Task Force on Process Mining (Van Der 

Aalst W., 2012).  

The downloaded log’s format is XES (Verbeek H., Buijs J., Van Dongen B. & Van Der Aalst W., 2011) 

and it has registered in it the identifiers for each process instance, the names of the different concepts 

that describe the events within those process instances, and the identifiers for the employees respon-

sible for triggering them. This event log has also some quality issues, once that some events miss in-
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formation regarding the employee responsible for triggering them, just to name one example (Bose R. 

& Van der Aalst W., 2013).  

5.2.1 Application of the Bottom-Up Phase 

In this section, the previously described bottom-up steps are applied to the real life event log in order 

to infer the corresponding DEMO models. 

5.2.1.1 Step BU-1: Discover the business process model from the event log 

In this step, a business process model was discovered from the event log. The process mining toolkit 

ProM 6 (Verbeek H., Buijs J., Van Dongen B. & Van Der Aalst W., 2011) was used for that purpose, 

benefiting from the fact that this toolkit accepts logs in the XES format. In ProM there are several 

plugins and algorithms for business process model discovery. However, some of them return models 

very detailed and difficult to understand when applied to a real life event log like this one. In this par-

ticular case the Fuzzy Miner plugin implemented in ProM was used because it has proved to present 

good results in real life logs (Günther C. & Van Der Aalst W., 2007). The discovered model is illustrat-

ed in Figure 21.  
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Figure 21 - Discovered business process model using the Fuzzy Miner plugin in ProM 
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It is possible to realise how the loan application process works in that Dutch bank. All the loan applica-

tions are submitted, and can either be immediately declined, investigated for fraud (“W_Beoordelen 

fraude” activity) or accepted to be analysed after the occurrence of some completion events 

(“W_Afhandelen leads” activity that describes follow ups over incomplete submissions and the 

“W_Completeren aanvraag” activity which refers to the completion of pre-accepted applications).  

In some cases the bank selects the loan applicants (“O_SELECTED” activity), creates an offer and 

sends it to the customer (“O_SENT” activity). During the follow up occurring after the offer is transmit-

ted (“W_Nabellen offertes” activity), customers can send the offer back and then iteratively other offers 

can be proposed. In the meanwhile, loan applications start to be formally assessed (“W_Valideren 

aanvraag” activity) and if an ok is given by the bank approvers and offers are accepted 

(“O_ACCEPTED” activity) by customers, then the loan applications are approved 

(“A_APPROVED“,”A_REGISTERED”, “A_ACTIVATED” activities).  

It can also be the case that during the assessment phase the bank needs additional information 

(“W_Nabellen incomplete dossiers” activity). In a few cases the loan applications are cancelled 

(“A_CANCELLED” activity, which in the model does not even have links once that it is not a common 

case within the 13,087 process instances considered). 

 5.2.1.2 Step BU-2: Analyse the discovered process model 

After having discovered the business process model from the event log, the next step of the method 

deals with analysing the activities presented in the model according to the operation and distinction 

axioms of the Ψ-theory. For that purpose Table 2 was created. 

Table 2 – Classification of the loan and overdraft process activities according to the Ψ-theory operation 
and distinction axioms 

  

Activity description 

Ψ-theory 

Operation Axiom Distinction Axiom 

A_SUBMITTED (loan request) Coordination Ontological 

A_PARTLYSUBMITTED (computing) - Infological 

W_Afhandelen leads (computing) - Infological 

A_PREACCEPTED (computing) - Infological 

W_Completeren aanvraag (computing) - Infological 

A_ACCEPTED Coordination Ontological 
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A_FINALIZED (computing) - Infological 

O_SELECTED (computing for selection) - Infological 

O_CREATED (computing offer conditions) - Infological 

O_SENT (transmitting offer) - Datalogical 

W_Wijzigen contractgegevens (computing) - Infological 

W_Nabellen offertes (computing) - Infological 

O_SENT BACK - Datalogical 

W_Valideren aanvraag (loan application assessment) Production Ontological 

O_ACCEPTED Coordination Ontological 

A_REGISTERED - Datalogical 

A_APPROVED Production Ontological 

A_ACTIVATED (computing) - Informa 

W_Nabellen incomplete dossiers - Informa 

W_Beoordelen fraude (fraud assessment) Production Ontological 

 

The table above portrays the activities presented in the discovered process model, excepting the ones 

referring to rejection and cancellation actions, for reasons that will be explained in the next step of the 

proposed method. In order to understand better the actor roles involved in the operation of this pro-

cess, the ProM functionalities were used to filter the event log by the “A_APPROVED” event and it 

was discovered that from the 13,087 registered cases (process instances) just 2246 were approved in 

the end of the process.  

It was also observed that from the 69 event log resources (i.e. employees), just 9 have the responsibil-

ity for executing that “A_APPROVED” activity. Indeed, the first 4 resources were responsible for 

84,28% of the approval decisions so it was inferred that those employees represent a particular group 

responsible for the final assessment and approval of the loan applications (i.e. the loan approvers). A 

screenshot from a report generated in ProM is illustrated in Figure 22.  
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Figure 22 - Event log filtered by the A_APPROVED+COMPLETE event and the identification of the 9 em-
ployees responsible for triggering it 

Additionally, after filtering the log by the “W_Beoordelen fraude” event (which represents fraud investi-

gations) and after observing that just 108 cases are considered suspicious (from the 13,087 presented 

in the event log), it was discovered that from the 69 resources registered in the log, just 5 employees 

have the responsibility for completing the “W_Beoordelen fraude” activity. Indeed, the first 3 resources 

were responsible for 91,48% of the fraud investigations so it was inferred that those resources repre-

sent a particular actor role (i.e. the fraud investigators). A screenshot from a report generated in ProM 

is illustrated in Figure 23. 

 

Figure 23 - Event log filtered by the W_Beoordelen fraude+COMPLETE event and the identification of the 
5 actors responsible for triggering it 

The “Mine for Similar Tasks” ProM’s plugin was also used to discover that there are at a high level of 

abstraction, 3 groups of resources with similar tasks (Van Der Aalst W., Reijers H. & Song M., 2005). 

Each one of the groups presented is constituted by employees identified by their employee’s number. 

A screenshot from the social network generated in ProM is illustrated in Figure 24.  
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Figure 24 - Result of the application of "Mine for Similar Tasks" plugin in ProM 

After analysing the employees presented within each cluster, it was concluded that the shorter group 

is the already discovered group responsible for the fraud investigations. The one on the left is respon-

sible for contacting with the customer (making offers, receiving those offers, making further offers, etc.) 

and the remaining larger group is responsible for the remaining administrative tasks presented in the 

event log. 

5.2.1.3 Step BU-3: Generate the DEMO Models 

After analysing the mined business process model according to the Ψ-theory operation and distinction 

axioms and understand better the actor roles involved in the process, in this step the identified coordi-

nation and production acts from the last step were classified according to the basic transaction pat-

tern, and that is why the rejection and cancellation activities were not taken into account on the previ-

ous step, once that those activities are just considered in the standard transaction pattern (Dietz J., 

2006). In other words, the activities presented in the mined process were classified as a request, 

promise, state or accept coordination act according to the Ψ-theory’s transaction axiom.  

It is possible to identify three business transactions (T01, T02 and T03). Transaction T01 refers to the 

interaction between the loan applicant and the bank’s loan starter that ends with the production of a 

decision to the final client. Transaction T02 corresponds to the transaction established between the 

bank’s loan starter and the fraud evaluator which produces a decision regarding fraud. Finally, transac-

tion T03 occurs between the loan starter and the loan approver (which is a role performed by a restrict 

group in the bank) and is the transaction responsible for the production of the results of the judgement 

made by the loan approvers. 
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Table 3 – Classification of the loan and overdraft process activities according to the basic transaction 
pattern 

 

Ψ-theory 

Activity description Transaction Axiom 

A_SUBMITTED (loan request) T01/request 

A_ACCEPTED T01/promise 

O_ACCEPTED T01/accept 

W_Beoordelen fraude+SCHEDULE T02/request 

W_Beoordelen fraude+START T02/execute 

W_Beoordelen fraude+COMPLETE T02/state 

W_Valideren aanvraag+SCHEDULE (loan application assessment) T03/request 

W_Valideren aanvraag+START (loan application assessment) T03/execute 

W_Valideren aanvraag+COMPLETE (loan application assessment) T03/state 

A_APPROVED T03/state 

 

Using the information presented in Table 3 it is possible to build a DEMO process model that states 

the identified transactions and their corresponding acts according to the basic transaction pattern as 

illustrated in Figure 25. 
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Figure 25 - Incomplete DEMO process model. CA01 corresponds to the loan applicant, A01 represents the 
bank’s loan starter, A02 stands for the fraud evaluator and A03 illustrates the loan approver. 

 

It can be perceived that some steps are missing from the DEMO process model, suggesting that those 

elements are not explicitly represented in the mined business process model discovered from the 

event logs. 

5.2.1.4 Step BU-4: Revise the DEMO Models 

After generating the DEMO models in the previous step, they were completed according to the trans-

action axiom in order to ensure that every transaction goes through the steps defined in the order, ex-

ecution and result phases, as illustrated in Figure 26. 
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Figure 26 - Revised DEMO model 

This is the last step of the bottom-up phase whose output is the revised DEMO models, namely the 

process model and the construction model as illustrated in Figure 27. 

 

Figure 27 - DEMO Actor Transaction Diagram 

 

5.2.2 Application of the Top-Down Phase 

After producing the corrected DEMO models in the bottom-up phase, they were used to check the 

compliance of the original real life mined process model. 
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5.2.2.1 Step TD-1: Assess the compliance  

Figure 28 shows the complete DEMO transactional model, according to the basic transaction pattern, 

with the identification of the gaps corresponding to the missing steps in the mined business process 

model. 

 

Figure 28 - Complete DEMO model with the identification of the missing steps from the original mined 
model 

 

5.2.2.2 Step TD-2: Revise the discovered process model 

In the last step of the proposed method, the initial mined business process model was revised. Ac-

cording to this method the discovered business process lacks the following activities: 

- The promise act from the fraud investigator (A02) in what regards the production of a fraud 

judgment when requested to do so by the bank’s loan application starter (A01); 

- The acceptance of the fraud judgments produced by the fraud investigator; 

- The promise act of the loan approver (A03) concerning the production of a loan approval deci-

sion; 

- The acceptance of the loan approval decision by the bank’s loan application starter; 

- The state act of bank’s loan application starter after finalized the loan application approval 

process; 

Adding the specified missing activities to the bank’s loan approval business process model would turn 

the responsibilities of the actor roles involved in the process more clear through the fully specification 
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of the conversation steps between them. Those findings also suggest new IT requirements to the ap-

plication that supports the bank’s loan and overdraft approval process.  

5.2.3 Summary 

This second demonstration illustrated the use of the proposed method in the analysis of the loan and 

overdraft approvals process from a bank in the Netherlands. Having as input an event log gathered 

from the application that supports the loan and overdraft approval process, process mining was ap-

plied to that log in order to discover its underlying business process model. The mined process model 

was analysed according to the Ψ-theory axioms and the corresponding DEMO construction and pro-

cess models were generated, concluding the bottom-up phase of the method.  

Afterwards, in the top-down phase of the proposed method, the compliance of the mined process 

model was assessed according to the steps of the transaction patterns stated in the DEMO. Finally, 

the mined loan and overdraft approvals process was revised so that it complies with the Ψ-theory.   
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6. Evaluation 

In this section a clarification is provided in what concerns how well the proposed method supports a 

solution to the problem. As explained in the DSRM process model, this activity involves comparing the 

objectives of a solution to the actual observed results from using the artefact in the demonstrations. 

The evaluation strategy followed is based on the evaluation of the demonstrations, interviews with 

business process consultants and auditors, and the Osterle principles. 

6.1 Demonstrations 

The demonstrations provided evidence of the application of the proposed method to analyse the oper-

ation of business processes from two different institutions. In this section, the demonstration results 

are analysed against the defined research objectives (section 1.2). In other words, for each demon-

stration it will be evaluated whether or not the following objectives were achieved:  

1. Provide a method to analyse the operation of actual business processes; 

2. Facilitate the identification of application requirements; 

3. Facilitate business process reengineering discussions; 

6.1.1 Evaluation of the Demonstrations 

In the first demonstration, an analysis over the VPN access approval process from a national defence 

institution was performed, and in the second demonstration, an analysis over the loan and overdraft 

approval process from a Dutch bank was presented. The results of the demonstrations were com-

pared against the initial research objectives: 

1. Provide a method to analyse the operation of actual business processes – it was possi-

ble to discover the actual business processes from the event logs provided for the applications 

that supported both the VPN access approvals in the national defence institution and the loan 

and overdraft approval process in the Dutch bank. After discovering the processes, it was 

concluded that both processes had weaknesses when confronted with the Ψ-theory axioms, 

once that they did not make explicit all the conversational steps between the actor roles in-

volved at those processes. 

  

2. Facilitate the identification of application requirements – since there were activities that 

were not explicit within the interactions between the employees responsible for carrying on the 

analysed business processes, application requirements were discovered. Fulfil those require-

ments implied the inclusion of that missing activities in the application workflows. 

 

3. Facilitate business process reengineering discussions – the missing activities detected 

with the application of the proposed method generated arguments regarding the necessity of 

making the commitments between the actor roles involved all explicit. As the interviews also 
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confirmed, the importance of the different acts (request, promise, state, accept) depends on 

the particular act and there are acts perceived by people as more important to make explicit 

than others. The final decision concerning the implementation of those acts in the business 

processes is responsibility of the organisations.  

6.2 Interviews 

Interviews can be suitable data generation methods when the researcher wants to obtain detailed in-

formation, ask questions, explore experiences that cannot easily be described via pre-defined ques-

tionnaire responses or investigate sensitive issues that respondents might not be willing to write about 

on paper for a researcher (Oates B., 2005). 

Interviews can be divided into three types: 

 Structured Interviews – these use pre-determined, standardized, identical questions for eve-

ry interviewee. After reading the questions, the researcher note the interviewee responses, of-

ten using pre-coded answers (Oates B., 2005). 

 

 Semi-structured interviews – the researcher has a pre-defined list of themes to be covered 

but depending on the flow of the conversation additional questions may be asked if the inter-

viewee brings up issues that the researcher was not prepared for (Oates B., 2005). 

 

 Unstructured interviews - the researcher introduces a topic and let the interviewees develop 

their ideas, talking freely about events behaviours or beliefs (Oates B., 2005). 

6.2.1 Evaluation through the Interviews 

Interviews with business process auditors and consultants were performed in order to discuss the re-

search in general, including the research problem, the proposed method and the results from the 

demonstrations. 

In the beginning of this thesis, an unstructured interview was performed with a business process man-

ager from the industry with more than a decade of experience. He worked in several companies with 

the objective of developing solutions to improve business processes. Surprisingly, he communicated 

that the task of business process discovery and analysis was often too subjective and influenced by 

the consultant personal feelings or past experience with similar processes. That initial interview point-

ed out the problem of organisations not having formal methods to analyse the operation of their busi-

ness processes. 

In a more advanced stage of the research, 4 semi-structured interviews were performed with IT audi-

tors from 3 of the 4 companies belonging to the well-known “Big 4” group. These IT auditors are used 

to analyse processes (i.e. IT processes). A document with pre-defined questions and answers was 

prepared before those interviews. That document is portrayed in the Appendix A at the end of this the-

sis, and the results are presented in Table 4. 
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Table 4 - Results from the survey used in the semi-structured interviews 

Interviewee/Question 2 3 4 5 6 7 8 9 10 11 

Interviewee 1 5 5 3 5 3 5 5 5 5 5 

Interviewee 2 5 5 4 4 3 5 3 4 4 5 

Interviewee 3 5 5 4 5 3 5 2 4 3 5 

Interviewee 4 3 4 3 5 3 3 3 3 3 3 

Average 4.5 4.75 3.5 4.75 3 4.5 3.25 4 3.75 4.5 

 

 The most evident results showed that the interviewees almost always execute their work tasks sup-

ported by applications (question 2) and that they just sometimes receive a commitment (i.e. a promise 

act) when they request for a decision, judgement or approval within their workplaces (question 6).  

An overall observation over the results also confirmed that the interviewees would like to make the 

request, promise, state and accept acts within the interactions with their work colleagues more explicit 

than they are at the moment. This was the more relevant result of the semi-structured interviews. This 

result supported the practical relevance of the approach to business process analysis based on mak-

ing explicit the universal transactional steps between the actors roles involved in the process.  

6.3 Osterle Principles 

The four principles of Osterle (Osterle H., 2011) were also applied for the evaluation of the artefact 

produced in this DSRM research (i.e. the proposed method). These principles are: 

- Abstraction: the proposed artefact must be applicable to a class of problems; 

- Originality: the artefact must substantially contribute to the advancement of the body of 

knowledge;  

- Justification: the artefact must be justified in a comprehensible manner and must allow vali-

dation;  

- Benefit: the artefact must yield benefit, either immediately or in the future for the respective 

stakeholder groups; 

6.3.1 Evaluation through the Osterle Principles  

The application of the four Osterle principles mentioned before led to the following results: 

- Abstraction: the proposed method may be applied to analyse a range of business processes, 

either in the public or private sector, once that the transactional patterns between the actor 

roles involved in those processes are universal (Dietz J., 2013).  

 

- Originality: by gathering insights from the Process Mining and Enterprise Engineering disci-

plines and combining the knowledge in the scope of one method, the proposed method facili-

tates the analysis of actual business processes (not assumed ones) within an engineering 

perspective. 
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- Justification: process mining and the Ψ-theory justify the steps performed over the proposed 

method to analyse the operation of the updated business processes.  

 

- Benefit: the proposed method benefits organisations by making clear the responsibilities of 

the different actor roles involved in the execution of business processes. It considers the en-

terprise domains as a whole (i.e. processes, software, etc.) and relies on the Ψ-theory, sup-

porting business understanding and enterprise changes in a way that makes those organised 

complexities manageable. In addition, the use of DEMO models simplifies the analysis task 

and speeds up the results delivery process (Op't Land M., 2009). 
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7. Conclusion 

In this section a summary of the work performed is presented, an explanation about the lessons 

learned from this research is provided, as well as the given contributions of the proposed method. The 

limitations of the artefact are also presented along with the future work suggestions. 

This thesis was enabled by the constant need organisations have to analyse and improve their busi-

ness processes and consequently their BPM methods. The continuously effort of researchers in the 

improvement of theories and presentation of methods that allows organisation to be managed from a 

well-grounded engineering point of view has also contributed for the realisation of this thesis. This 

work has also taken into account the crucial role of IT within organisations, not only on all their busi-

ness processes life cycle, but also in their overall strategy for gaining competitive advantage over their 

competitors. 

The stated motivations for the research led to a specific problem that this thesis intends to tackle, that 

is, the problem that organisations face caused by not having formal methods to analyse the opera-

tion of their actual business processes in terms of the collaboration between the actor roles 

involved on those processes.  

All the research process followed the DSRM. Therefore, after identifying the problem and motivations, 

the research objectives were specified. The research objectives were to provide a method to ana-

lyse the operation of actual business processes, facilitate the identification of application re-

quirements, and facilitate business process reengineering discussions. 

After describing the research objectives a method was proposed in order to deal with the specified 

problem and to comply with the research objectives. The proposed method took into account the cru-

cial role of IT in today’s organisations, not only in the support it provides to business processes imple-

mentation (and to all the other BPM life cycle stages), but also in its primary role within the strategy of 

organisations and the increase of their competitive advantage. The method is supported by a theory in 

enterprise engineering, namely the Ψ-theory.  

The proposed method is built upon two phases: the bottom-up phase and the top-down phase. In the 

bottom-up phase the as-is process is discovered through the application of process mining to event 

logs registered within the applications responsible for supporting the execution of business processes. 

The discovered process model is then analysed according to the Ψ-theory’s axioms, being the results 

of this analysis used to generate the DEMO construction and process models. The process model 

may be incomplete if the original discovered process model does not explicitly include all the transac-

tional steps that specify the conversations between the actor roles involved on those processes. The 

DEMO transactional model is then revised so that all the transactional steps are explicitly mapped. 

The revised DEMO process model is the output of the bottom-up phase. 

In the top-down phase, the revised DEMO process model is used as a way to assess the compliance 

of the as-is business process models discovered in the first bottom-up phase through the application 
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of process mining techniques. After identifying the gaps in the as-is model, this process model is re-

vised so that it becomes Ψ-theory compliant, meaning that it becomes consistent with the transaction-

al model and complete as it explicitly contains all the transactional steps. 

After proposing the method, two real life demonstrations were performed. In the first one, the pro-

posed method was used to analyse the VPN access approval process from a national defence 

governmental institution. In the second demonstration the method was applied to analyse the 

loan and overdraft process from a Dutch bank.  

After demonstrating the method’s application in real life processes, an evaluation was performed by 

matching the results of the demonstrations against the research objectives. In addition, the re-

search was evaluated using the Osterle principles, feedback gathered within interviews with busi-

ness process auditors and consultants, as well as academics from the enterprise engineering area. 

7.1 Lessons Learned 

During this research some lessons were learned that deserve special note. First of all, the fact that the 

topic of business process analysis and improvement is a concern for organisations, attending not only 

to the feedback gathered from the interviewees, but also to the evidence provided by the amount of 

papers written in this area not just in the past but also on the present, indicating that this topic has al-

ways required special attention from investigators. It has also been confirmed the trend of managing 

organisations and their business processes through the use of (enterprise) engineering methods and 

well-grounded theories, and not just by informal good practices or heuristics that lack theoretical foun-

dations and an integrated view of enterprises. 

There was also understood the importance that IT has in organisations, especially in the support of 

their business processes implementation and in the overall organisation’s strategy, facilitating the 

competitive advantage against competitors. This dissemination of IT in the support of organisational 

processes is also emphasising the role of process mining as a facilitator of processes discovery, con-

formance checking and process enhancement.  

Regarding the formulation of the proposed method, it was observed that there is a lack of formal 

methods to support the analysis of actual business processes from an enterprise engineering perspec-

tive that is able to go from the as-is business processes (not assumed ones) to the to-be processes, 

attending to a formal understanding of business processes.  

The proposed method is able to manage that limitation by combining process mining and enterprise 

engineering, enabling the revision of the as-is processes according to the missing conversation steps 

between the actor roles involved on the execution of those processes.  

In the two demonstrations performed, there were opportunities for business process improvement 

found, once that the business processes analysed did not state explicitly all the conversational steps 

between the actor roles participating in these processes. It was also confirmed the suitability of DEMO 

for reengineering complex business processes like the one discovered from the event logs of the ap-
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plication responsible to support the loan and overdraft approval process in the Dutch bank. The sim-

plicity of DEMO models makes intellectually manageable what can quickly become unmanageable. 

7.2 Contributions 

The research contributions rely on the fact that it was possible to apply an (enterprise) engineering-

based method for analysing and detecting opportunities for improving business processes that starts 

with the actual implementation of those processes (i.e. their supporting application event logs). By 

having as input event logs from the applications that support business processes execution and that 

are used daily by enterprise actors, the proposed method do not start with outdated process models. 

Furthermore, the capture of the as-is process for analysis is not as time-consuming as other ap-

proaches like interviews or documentation analysis. 

On the other hand, once that the proposed method starts with the event logs from the application that 

support business processes, it facilitates discussions regarding the need for new application require-

ments. Besides, by pointing out the activities corresponding to the missing conversational steps be-

tween the actor roles involved in the process, the proposed method facilitates discussions on business 

process (re)engineering and gives organisations the possibility to implement the activities that they 

consider more relevant. After reengineering the way they run a business process, the method can be 

continuously applied within a continuous business process analysis perspective. 

Furthermore, the research has confirmed, once more, the suitability of DEMO models in the simplifica-

tion of business processes, making those processes intellectually manageable. 

7.3 Limitations 

Once that the proposed method has as input event logs from the applications that support business 

processes in order to define the as-is process, it is not suitable for organisations whose process to be 

analysed is not support by any application (i.e. manual processes).  

In the cases event logs are being recorded, it must also be required that the events registered on 

those logs are understandable to the person in charge of the application of the proposed method, 

which may be a difficult task given the natural ambiguity of human language. 

In the particular case of the analysis performed over the loan and overdraft process from the Dutch 

bank, it should be taken into account that it was not possible to receive any kind of feedback from the 

actual bank employees responsible for carrying on that process daily. This fact, constitutes a natural 

limitation of the particular results of the business process analysis in that demonstration. 
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7.4 Communication  

This section is directly related with the communication activity of the DSRM process, which consists in 

communicate the problem and its importance, as well as the proposed artefact for solving it, explaining 

and demonstrating the research results to academics and practitioners. 

Two approaches were used regarding communication. The first approach was based on interviews to 

business process consultants and auditors from the industry, where a communication of the research 

problem, goals, method and results were performed. The second communication approach relied on 

the submission of scientific articles to conferences and journals.  

In what concerns the first approach, the results of the communication were useful to understand that 

the proposal was valid and to get confirmations regarding the existence of conversational gaps in the 

interactions between the interviewees and their work colleagues. 

The second approach resulted in the submission of an article to an international conference in the en-

terprise engineering area. In that article a communication of the research problem was performed, as 

well as the corresponding proposed method for solving it and the demonstration of the method within 

the VPN access approval process in a national defence governmental institution. 

7.5 Future work 

This thesis may be classified as a first step in the application of enterprise engineering-based methods 

to actual business processes (i.e. discovered by mining the logs of their supporting applications). The 

method itself for analysing processes may be labelled as semi-automatic, once that it has steps that 

are executed automatically, for example, the discovery of the business process models from the appli-

cation event logs, and others that besides being manual, are easily automatable as the revision of 

DEMO process models, so that they contain all the transactional steps of the O-phase, E-phase and 

R-phase.  

That said, it would be relevant to implement an automated solution for analysing business processes 

based on the method proposed in this thesis, that is able to classify automatically the event logs ac-

cording to the Ψ-theory axioms, and that can guess automatically to which particular transaction does 

an event corresponds. 
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Appendix A - Guide for the semi-structured interviews 
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