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Resumo 
A representação dos processos de negócio é uma área que emergiu dentro das empresas. Esta 

representação tipicamente é feita com Business Process Modeling Notation (BPMN). Os modelos 

produzidos nesta linguagem de modelação podem apresentar diversos problemas relacionados com a 

complexidade, ambiguidade e subjetividade ao nível da semântica, resultando em várias 

representações possíveis para o mesmo processo. Esses problemas geralmente resultam por não se 

usar métodos específicos para a modelação. A hipótese de solução para este problema aqui explorada 

foi a da possibilidade de se propor um conjunto de princípios metodológicos para o desenvolvimento 

de modelos BPMN seguindo os princípios já propostos para a Design & Engineering Methodology for 

Organizations (DEMO). A solução apresentada foi validada aplicando os princípios e resolvendo os 

problemas identificados no diagrama estudado durante a análise do problema. Os resultados obtidos 

através da validação e demonstração dos princípios permitem concluir que é possível criar um conjunto 

de princípios para modelar em BPMN, sendo possível construir diagramas de uma forma menos 

ambígua tirando partido do método utilizado no DEMO. No entanto é possível perceber que existem 

limitações no que diz respeito à variedade de elementos BPMN que são utilizados. Neste trabalho de 

pesquisa, foi utilizado o Design Science Research Methodology (DSRM). 

Palavras-Chave: Processo de Negócio, BPMN, DEMO, Métodos de modelação, Padrões de 

Modelação, Princípios de Modelação. 
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Abstract 
The representation of business processes is an area that has appeared within companies. This 

representation is typically done with Business Process Modeling Notation (BPMN). The models 

produced in this modeling language may present several problems related to complexity, ambiguity, and 

subjectivity at the level of semantics, ant there may be several representations for the same process. 

These problems usually result from not using modelling methodologies. The hypothesis of solution to 

this problem explored here was the possibility of proposing a set of methodological principles for the 

development of BPMN models following the principles already proposed for Design & Engineering 

Methodology for Organizations (DEMO). The presented solution was validated applying the principles 

and solving the problems identified in the diagram studied during the analysis of the problem. The results 

obtained through the validation and demonstration of the principles allow to conclude that it is possible 

to create a set of principles for modeling in BPMN, being possible to construct diagrams in a less 

ambiguous way taking advantage of the method used in DEMO. However, it is possible to realize that 

there are limitations about the variety of BPMN elements that are used. In this research work, the Design 

Science Research Methodology (DSRM) was used. 

Keywords: Business Process, BPMN, DEMO, Modelling methods, Modelling Patterns, Modelling 

Principles. 
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1. Introduction 
Nowadays companies are increasingly able to respond to various business processes, for example, 

developing a new product, generating and fulfilling an order, creating a marketing plan, and hiring an 

employee (Laudon and Laudon 2013). 

Business process modelling, which forms the core part of business process management, is challenging 

because it is a knowledge intensive endeavor, requiring an accurate understanding of both domain 

knowledge and process logic (Fan et al. 2016). Process modelling is “an area where artists meet 

scientists, internal knowledge workers meet external knowledge owners (Rosemann 2006). 

To represent business processes Object Management Group (OMG), in 2005, released a modelling 

language known as Business Process Modelling Notation (BPMN) (Object Management Group (OMG) 

2011). BPMN is a language used to represent business processes, with artifacts and a notation that 

intentionally intends to help business stakeholders understanding the processes.   

This work explores the hypothesis that it might be possible to establish a set of principles, based on 

DEMO principles, that, when used in the creation of BPMN models, can be proved valuable to 

diminish ambiguity (even in the absence of a full BPM method). 

According to Recker J, Indulska M (Recker et al. 2006), problems in BPMN models related to 

inconsistencies may appear, such as, in the atributtion and division of responsabilities, in the possibility 

of recovery from a bad state of a process, and in the possibility of model the same flow with different 

activities and events.   

In order to produce better models and to avoid some inconsistencies, this work proposes a set of 

principles based on the modelling guides used in Design & Engineering Methodology for Organizations 

(DEMO)(Dietz 2006a). These guidelines will help, make more concise and concrete the production of 

BPMN models.  

Principles in this context are defined as a series of strategies and actions that must be adopted when 

modeling in BPMN. 

DEMO gives a definition of business process as a collection of casually related transaction types, such 

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

activation) or a request by an internal actor role to itself (self-activation). The way of thinking in DEMO 

could solve the problem of ambiguous semantics and interpretations of models, because its accuracy 

shows with precision the actors’ roles, services, and rules of a business process. This is the reason for 

the choice of DEMO as a reference for the principles here proposed.   

To understand DEMO, it is important to introduce the concepts of Enterprise Engineering (EE) and 

Enterprise Ontology (EO). EE is the subject of science of modelling that focus on represent 

organizations in a white-box, to implement an enterprise in a comprehensive, coherent and consistent 
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way (Dietz and Hoogervorst 2008). EO is the way of describing an enterprise in its essence, ignoring all 

the unnecessary information.  

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

of organizations (Dietz 2003). It is aligned with the concepts described above, namely, EE and EO, and 

it tries to split organizations in different models to present the basic services, the transaction between 

them and the involved actors. 

The solution presented, will be evaluated by validating the principles through its appliance in the 

identified problematic cases.  

1.1. Research Method 
The method used in this research will be Design Research Methodology (DSRM). This methodology 

has been chosen because it proposes a set of guidelines, principles and procedures that seeks solve 

organizational problems and to extend the boundaries of human and organizational capabilities by 

creating new and innovative artifacts (Hevner et al. 2004; Peffers et al. 2007). 

DSRM tries to develop and reach artifacts that can be proven effective in real world scenarios. Such 

artifacts may include constructs, models, methods, and instantiations. Constructs give the language in 

which problems and solutions are defined and communicated (e.g. vocabulary and symbols), models 

use constructs to represent a real-world situation - the design problem and its solution space (e.g. 

abstractions and representations), methods provide guidance on how to solve problems (e.g. algorithms 

and practices) and instantiations show that constructs, models or methods can be implemented in a 

working system (e.g. implemented and prototype systems).  

Design Science Research must be done with discipline and DSRM propose a very iterative process to 

do that. The following illustrate the six steps of the DSRM process that are described in this work.    

1. Problem identifications and motivations: Define a specific research problem and clarify about 

the value of the solution. There are problems with founded solutions that can be subject of a 

research to find a more efficient solution. This step is made in section 1.3; 

2. Definition of the objectives for a solution: Infer the objectives of a solution from the problem 

definition and knowledge of what is possible and feasible. This step is made in section 1.2; 

3. Design and Development: Create the artifact, which include the knowledge of the theory that 

could support the solution. It may extend the knowledge base or apply existing knowledge in new 

innovative ways. This corresponds to section 4;  

4. Demonstration: Prove that the produced artifact can solve the problem proposed. This can be 

achieved by experimentation, simulation, case study or proof. Demonstrations are made in 

section 5; 
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5. Evaluation: Measurement of the usability, quality, and efficacy of the design artifact.  The artifact 

evaluation criteria are rigorous and can follow qualitative performance measures such as the 

result of questionnaires, customer feedback, or simulations and quantitative measures such as 

response time or availability. At the end of the evaluation process, the result is compared with 

the objectives set at the beginning of research and decide whether to iterate again on the 

problem. The evaluation of the solution is made in section 6;  

6. Communication: Share with other researchers and audiences the design artifact. With the help 

of experts, it is easier to decide if the research is correct, innovative, and useful. It is important 

publish and share some scientific papers about the research subject.  

 

Figure 1 - Research Design Science Process (Peffers et al. 2007)  

To achieve the expected results and do a concise and effective research, it is important to iterate 

sequentially for all the above steps. However, it must be remembered that there are several points where 

it is addressed the problem and, to reach a result may be necessary to iterate several times over it.  

1.2. Research Objectives 
According with the second phase of DSRM, at this section the objectives of this research are defined:  

• Provide a set of principles to model in BPMN – based on the way of thinking in DEMO, this 

document proposes a set of principles that facilitates the identification and the way of modelling 

business process in BPMN.  

It is intended that the proposed principles solve problems related syntax and semantics of BPMN 

models. Also, by producing better models, the solution could have impacts in business.   



4 
  

1.3. Problem Identification and Results 
The first stage of DSRM is problem’s identification and motivation, so this section defines the 

research problem.  

Nowadays the representation of business processes is an increasingly present reality in organizations. 

The management of processes is a concern for organizations and researchers because they are trying 

to make the maintenance and management of these more efficient. With this need arises a discipline 

whose focus is the management of business processes, known as Business Process Management 

(BPM). The main objective of this discipline is to validate if the objectives of the organizations are 

achieved through the improvement, ongoing performance management and governance of essential 

business processes (Jeston and Nelis 2014).  

To represent these business processes there is a Business Process Model and Notation (BPMN), that 

has artifacts that describes the flow, responsibilities and acts between actors. BPMN is recognized as 

being understandable by business users, analysts and technicians (White 2004). 

When processes are represented using BPMN there are some potential problems related to the 

semantics of the elements of the language. Examples of these problems can be deadlocks and 

unpredictable gaps between activities.  Example of ambiguity exists when one does not know when to 

model a pool or a lane to represent a resource of a process. Another complex situation is the problem 

of understand the context of the process, namely when it starts and when it ends (Dijkman et al. 2008).  

Regarding the ambiguity of BPMN models, the hypothesis addressed is that using principles when 
model with BPMN can diminish the inconsistencies in models.  

Still, other relevant problems can arise, such as (Recker et al. 2006): 

• by not representing the state of the process, the business rules will be unclear; 

• by not representing and history of states, can cause significant problems related to recovery 

and reliability of interacting entities; 

• the inability to break down the system coherently, the understandability of models captured 

with BPMN will be undermined.  

• problems will appear when modelling organizational entities, e.g., whether to use a lane or 

a pool for representing; 

• diverse ways of representing a transformation (e.g.: activity, sub-process, event) can lead 

with insignificant semantic differentiation; 

• the existing alternatives for represent events can cause confusion in its use. 

Regarding research results, with the application of the principles at the stage of validation and 

demonstration allowed to realize that it is possible to adopt the DEMO principles when modeling 

business processes in BPMN. 
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Having the process architecture defined, through the application of the principles it is possible to identify 

all the outcomes and expected results of each process and thus proceed with the modeling of the same. 

There are some limitations regarding the low diversity of BPMN elements that are used but it is still 

possible to define the entire business process following the principles of the solution. 

1.4. Document Structure 
This document is divided in the following main chapters:  

1. Introduction – introduces the topic of research, briefly describes the used method, the related 

problem and contextualize it within the literature. Also, briefly explain document application, 

objectives, results and structure.  

2. Related Work – presents an overall state of the art regarding the research area.  

3. Problem Analysis – describes extensively and with high detail the research problem, the 

motivation, and the relevance of searching solutions to handle it.  

4. Solution Proposal – explains the artifact (i.e. principles) proposed in this work.  

5. Validations – the principles are validated by applying them to the identified problems.  

6. Demonstrations – presents the application of the presented artifact in cases of real and 

literature problem instances. 

7. Conclusion – presents a summary of the main contributions of this document, the main 

limitations, and guidelines for future research.  
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2. Related Work 
This chapter will present the topics related to the research and all the methodologies and solutions that 

tries to solve the problem presented before.  

The related work described in this section concerns the business processes, namely definition, 

management and methods used. References are also made to the concepts associated with DEMO as 

well as BPMN. Finally, an analysis is made of the investigations that have been made that relate DEMO 

and BPMN. 

2.1. Business Process Definition 
A Business Process typically is compared with a flowchart or a workflow, but, in truth, it is defined as a 

collection of related structured activities or tasks that produce a specific service or product to a customer. 

There are many organizations that are process-oriented because a business process starts with a 

mission of a business and finish with a business objective accomplished. It is obviously that business 

processes could be much complex and to avoid this, it is possible to divide processes into sub-

processes, where they have their own attributes. Even so, this kind of approach, tries to diminish barriers 

between departments and silos inside the organizations (Dumas et al. 2013).  

The processes inside an organization could be divided in three types: management processes, 

operation processes and supporting processes (von Rosing et al. 2015).  

Business processes could be modelled in Business Process Modelling Notation (BPMN), one of the 

technics used in Business Process Management to represent business processes in a workflow. 

2.2. Business Process Management 
Business Process Management (BPM) is a subject that is recognized by researchers of this area. BPM 

may be defined as supporting business processes using methods, techniques, and software to design, 

enact, control, and analyze operational processes involving humans, organizations, applications, 

documents and other sources of information (van der Aalst et al. 2003). 

BPM can be described by a life-cycle as the figure 2 shows. Each phase of the cycle has a specific 

output which is aligned with the purpose of each phase. 
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Figure 2 - BPM Life-Cycle (Dumas et al. 2013) 

As it is possible see in the above image, there are six stages in BPM life-cycle: 

• Process Identification: a business problem is posed, and the scope of the problem is 

analyzed. The outcome of process identification is a new or updated process architecture 

that gives an overall view of the processes in an organization and their relationships. 

• Process Discovery: the actual state (as-is) is modelled and documented in distinct levels of 

detail according with the objectives of process documentation.  

• Process Analysis: inaccuracies are founded by analyzing the processes and, if possible 

some approaches to improve processes are founded.   

• Process Redesign: the suggestions of improvement found in the previous stage are 

considered and, at this point some processes are redesigned (to-be processes).  

• Process Implementation: the to-be processes are transferred into practice and the modelled 

and conceptual changes are implemented.  

• Process Monitoring and Controlling: a verification over the processes redesign is 

performed, to access their success. Some data is recovered and analyzed according with 

measurement criteria and the deviations from the defined criteria are studied. If something is 

outside of the boundaries, the process continues to be monitored or follows another iteration 

in the BPM life cycle.  

In conclusion, Business Process Management is divided in six distinct stages where in an interactive 

process it is possible identify, model and control a business process in an enterprise. 
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2.3. Process Modelling Method  
There are few methods for process modeling. Dumas M, La Rosa et al  (Dumas et al. 2013), proposed 

one method in five stages, as described below:  

• Identify the Process Boundaries: at this stage, the scope of the process is understood, and 

the architecture of the process is defined. The trigger events and the outcomes of the process 

are identified.  

• Identify activities and events: this point focus on identify the main activities of the process, 

this means that is made an activity survey.  

• Identify resources and their handovers: after activity identification is necessary to define who 

is responsible for what. At this stage, some flow between departments and resources is 

identified.   

• Identify the control flow:  control flow relates to the questions of when and why activities and 

events are executed. As outcome of this stage, the flow between activities and events must be 

defined.  

• Identify additional elements: when everything is connected some artifacts such as exception 

handlers, data objects, and compensation handlers are identified and assigned to the business 

process.  

One other example is SEQUAL (Krogstie et al. 2006) and Guidelines of Modelling (Becker et al. 2000), 

which are however too abstract to be applicable for novices and non-experts. Other example, of more 

practical application, are the Seven Process Modelling Guidelines (7PMG), proposed in (Mendling et al. 

2008).   

7PMG provides a set of recommendations on how to build a process from scratch and for improving 

existing process models. The guidelines are as follow: use as few elements in the model as possible; 

minimize the routing paths per element; use one start and one event; model as structured as possible; 

avoid OR routing elements; use verb-object activity labels; decompose the model if it has more than 50 

elements.  

With 7PMG it is possible to conclude that the researchers focused in the semantics of the process and 

forget to describe what are the important aspects to model the processes in terms of activities, flows 

and events. 

2.4. Business Process Modelling Notation (BPMN) 
In 2005, an organization called Object Management Group (OMG) that later merged with Business 

Process Management Initiative (BPMI), developed the Business Process Modelling Notation (BPMN). 

This is a language that represents graphically the business process in a business process notation. The 
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business process diagrams (BPD) are based on a flowcharting technique that supports the activity of 

stakeholders, business managers and customers, so, the scope of this language is restrict to the 

description of business processes only. 

 

Figure 3 – Core BPMN Elements (Object Management Group, 2016) 

The BPDs are made of a set of graphical elements, which tends to be simply shapes that are 

understandable for any stakeholder and at the same time, describe more complex business processes. 

These graphical elements are organized in distinct categories, such as, flow elements, connecting 

elements, and artifacts. The flow elements are events, activities, and gateways.  

There are two elements that are used to organize activities into separate visual categories to illustrate 

different functional capabilities or responsibilities. These elements are pools and lanes. A pool 

represents a participant in a process and a lane is a sub-partition within a pool and extends the entire 

length of the pool and represents a role or company function.  

Artifacts extends the basic notation and gives the ability to add context proper to a specific modelling 

situation. Modelers can add their own artifacts to add more details about how the process is performed. 

However, activities, gateways and sequence flows are the main elements to describe process and 

artifacts simply add information and data to better understand the diagram and the process (Object 

Management Group, 2016).  

Finally, in BPMN diagrams we can represent distinct types of scenarios: 

• process flows, i.e., a path that simply describes a simple set of activities, independently of the 

responsibilities on these; 

• an internal process, i.e. a representation of a single role of responsibility in a process, 

represented through a pool (scoping or not a flow); 

• a public collaborative process, where there are expressed several roles of responsibility, 

represented as interactions between pools. 

These three scenarios can coexist in the same BPMN diagram. In other words, in a same BPMN diagram 

we can have flows with or without the specification of responsibilities on these flows (i.e., with these 
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flows within or outside pools), as also pools with or without communication events among them (White, 

2004; Object Management Group, 2016). 

BPMN 2.0 supports three different types of diagrams: collaboration, conversation and choreography 

diagrams (Allweyer 2010).  

Collaboration diagrams, represent interaction between processes, where many roles, services or 

persons are represented through pools and lanes. In this kind of diagrams, all the activities, events and 

interactions are modelled in order to fully represent each step of the business process.  

Conversation diagrams represents all the partners of the process and its interrelations.  

Choreography diagrams represents the exchange of data between partners of the process, like 

collaboration diagrams. In this type of diagrams each exchange of data is modelled as an activity. 

Modelling this type of diagrams could be more complex, because it is necessary represent many splits, 

loops and other events to better represent the business process.   

In this research work, it will be used with more detail the collaboration diagrams, because these ones 

are the most used type of diagrams in organizations (Allweyer 2010).  

2.5. Other languages to model processes 
Business processes typically are modelled according to one type of notation. Above was already 

described what is BPMN and what are its components and usage. However, it is important to reference 

what are the alternatives to this notation and present the main aspects and strengths of alternative 

notations.  

Petri Net is one of the alternative language and it is based on mathematical notation. This language 

typically describes distributed systems, such as web services, but could describe processes (Petri and 

Reisig 2008). The fact of Petri Net is not a business process oriented language some artifacts that help 

to describe process are missed when this modelling language is used, so it is possible to conclude that 

Petri Net, more precisely Colour Petri Net (CPN) e mostly used when exists a flow between web services 

(Tan et al. 2009).  

Another alternative is Event Driven process chain (EPC), that is a language oriented for modelling 

processes. Despite of being a notation that is process oriented, this notation focuses only in business 

logic, therefore, the elements used in this language are, events, functions, logical connectors and 

relationship, controllers for flows and information, and notation to identify the process owner the 

organization units involved and the materials and objects used (Hommes 2004). Some business logic, 

such as timers, event and exception handlers could not be easily described with this notation. 

ICAM DEFinition (IDEF) is a functional modelling language for analysis, development, reengineering 

and integration of information systems, business processes or software engineering analysis. Although 

this language is able to model information systems and business processes, its strong point is the 
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analysis of software architectures (Bravoco and Yadav 1985). All its syntax and component can describe 

the logic of a business process, but its reading and interpretation can become complex since it does not 

have the appropriate artifacts for that purpose. 

OMG, proposed one of the most known and used modelling language called Unified Modelling 

Language (UML). The capability of these models is huge when applied in the field of software 

engineering. This language intends to provide a standard way of representing and visualize the design 

of a system (Booch et al. 2005). There are similarities between software and business processes, but 

some of the business components are not used in software, such as people working in the business, 

manufacturing production equipment, and rules and goals that drive the business processes. Eriksson-

Penker presented and extension for UML models that include these components and introduce some 

new concepts that are used to extend the capability of these models. By using this extension, it is 

possible to describe only the resources, processes, goals and rules of the process (Eriksson and Penker 

2000). Again, it is possible see that artifacts, like timers, exception handlers, escalation, compensation, 

of a business process are not easily described and can make the complexity of reading the diagrams 

high.  

Finally, Formalized Administrative Notation (FAN) is another of the modelling languages that could 

describe business processes. This notation describes the flow and sequence of operations, identify their 

responsibilities, and define and integrate their transactions.  The fact of being a language oriented for 

administration, typically it is used to implement software packets for enterprise resource planning (ERP), 

customer relationship management (CRM) and supply chains.  

BPMN was chosen because it is a powerful language of modelling that describes the flow of the process 

by using the proper events, activities and gateways. Other languages have been taken into account, 

however, since there is already some research work that relates BPMN and DEMO, this was the chosen 

language for this investigation. In addition, BPMN is the most widely used and common language in 

organizations. 

2.6. Workflow Patterns 
The Workflow Patterns Initiative (Workflow Patterns Initiative, 2017) was established with the aim of 

delineating the fundamental requirements that arise during business process modelling on a recurring 

basis and describe them in an imperative way. Some researchers and companies are focused on 

understanding and implementing workflow patterns in distinct perspectives, such as: control flow, data, 

resource, and exception handling.  

Regarding to control-flow patterns, W.M.P. van der Aalst, et al. proposed a set of twenty patterns 

describing the most common control flows. These patterns are described according to a set of business 

requirements in an imperative workflow style expression, so, they are not oriented to modelling 

language. They are divided in distinct patterns, namely, basic control flow, advanced branching and 
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synchronization, multiple instance patterns, state-based, cancelation and force completion, iteration, 

termination, and trigger patterns. 

Because of these patterns being based on business requirements, some aspects could not be 

considered. Even so, these workflow patterns are ambiguous in their interpretation, and to solve this 

problem N. Russel et al. made a revision of these workflow patterns.  

After some years of the first research in this area, the original patterns became deprecated and with this 

revision a set of new workflow patterns was presented. These new patterns seek to be more aligned 

with business requirements and with the necessary flow control. 

To describe more precisely their patterns, the authors present their patterns through a formal model in 

Colored Petri-Net for each of them. With this representation, it is possible to identify the new changes 

and the new patterns.  

The patterns below are achieved by analyzing the requirements and by understanding and identifying 

the necessary abstractions and key components of workflow languages.  All the predominant patterns 

are proposed by N. Russel et al (Russell et al. 2004a; Russell et al. 2004b).  

Workflow resource patterns are divided in creation, push, pull, detour, auto-start visibility, and multiple 

resource patterns. The aim of these patterns is to capture the many ways in which resource are 

represented and utilized in workflows.  

The same approach is made for workflow data patterns. They are divided in data interaction, data 

transfer and data-based routing. With these standards, a better capture of the use and representation 

of data flows is expected. 

Finally, these patterns do not solve the problem of the ambiguity of BPMN models, because they are 

based on business requirements, where their interpretation and representation could be ambiguous for 

business people. Although, the presented patterns in Petri-Net models are a little bit confusing and their 

implementation in other modelling language could be complex. 

2.7. Enterprise Ontology and Enterprise Engineering 
Nowadays managing an enterprise is something that is more complex than in the past. This is complex 

because it is difficult to explain coherently and precisely how organizations and Information and 

Communication Technology (ICT) are interrelated (Dietz 1999). 

To see these organizations as a white-box instead of black-box, a new subject has been created: 

Enterprise Engineering (EE).  

White-box models focus on building and operating the system, while black-box models are concerned 

only with system functionality. An example of black-box models is the control or management model of 

enterprises (Davis and Olson 1984). 
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Enterprise Engineering is a way of (re)design, (re)engineer, and (re)implement an enterprise in a 

comprehensive, coherent and consistent way (Dietz and Hoogervorst 2008).  

This new point of vision is supported by Enterprise Ontology (EO), and to describe what means EO it is 

necessary to divide the two words and explain the meaning of each one. 

Enterprise could be defined as a complex system that redirects to an organization that is necessary to 

be understand. Ontology in this case preserves its original meaning of dealing with the essence of 

something. When a community of people who may not know each other, or have very different cultural 

backgrounds, the use of this concept serves to provide a basis for the common understanding of some 

areas of interest among this type of community (Dietz and Hoogervorst 2008).  

With these two explanations it is possible to define Enterprise Ontology like method that provides a 

powerful insight about the essence of the operations within and organization which is completely 

independent of the organization’s realization and implementation (Dietz 2006a).  

Keeping in mind the described concepts above, it is possible model an organization with a conceptual 

model that fully describes an enterprise in its essence. Such model is called ontology or ontological 

model (of the enterprise)(2006). This ontological model of an enterprise shows its essence and stability, 

and it is the starting point for designing, engineering, and implementing changes. This model must be: 

coherent, comprehensive, consistent, concise, and essential. These properties guarantee that models 

are logical, cover all the issues, do not have contradictions or irregularities, all the information is import, 

and it shows only the essence of the enterprise. 

When someone apply these two concepts in an enterprise, it is possible see that there is a reduction of 

the complexity that makes the organization intellectually manageable and transparent. 

2.8. Design & Engineering Methodology for 
Organizations (DEMO) 

Design & Engineering Methodology for Organizations (DEMO) is a methodology for modelling, 

(re)designing and (re)engineering organizations and networks of organizations (Dietz 2003). The 

propose of DEMO is develop high-level and abstract models of the construction and operation of the 

communication patterns between human actors, i.e., models of organizations from a responsibility and 

communication oriented perspective (Huysmans et al. 2010).  

To support this approach, there is a theory called Ψ-theory (Psi-theory) that underlies the notion of 

enterprise ontology. With this theory, that emphasizes four axioms (described below) define an 

enterprise as a (heterogeneous) system in the category of social systems.  
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2.8.1. The Operation Axiom 

The operation axiom states that the operation of an enterprise is formed by the activities of actor roles, 

which their goals are achieved by performing acts. An actor role is defined as elementary chunks of 

authority and responsibility, fulfilled by subjects. When the acts are successfully performed, their result 

are recorded in a fact, and consecutively there are two types of acts and facts. First appear de production 

and coordination acts (P-acts and C-acts), and if the result of these acts is positive they are stated in 

facts.  

By performing production acts the subjects contribute to bringing about the goods or services that are 

delivered to the environment of the organization. On the other side, by performing coordination acts, 

subjects enter and follow commitments towards each other about the performance of production acts, 

i.e., they communicate, negotiate and commit themselves. At this stage, it is possible to conclude that 

C-acts are performed by an actor role (performer) and are directed to another actor role (addressee), 

and that C-acts are always, directly, and indirectly, related to P-facts. The result of these acts is stated 

in facts, namely production facts (P-facts) and coordination facts (C-facts). 

Considering the difference between these two types of acts (P-act and C-fact), there is also the 

distinction between the two worlds in which both acts have effect: Production world or P-world and the 

Coordination world or C-world. These worlds are characterized by its state which is defined as the set 

of P-facts or C-facts, respectively, created so far.  

2.8.2. The Transaction Axiom 

The transaction axiom states that coordination acts are performed as steps in universal patterns. These 

patterns, also called transaction, always involve two actor roles and are aimed at achieving a result. 

Each transaction distinguishes two actor roles: the initiator, who starts the transaction and might 

complete it, and the executor, who is responsible for the performance of the production act and the 

creation of the respective P-fact.  

Figure 4 suggests the three phases that compose a transaction and its pattern: the order phase (O-

phase), the execution phase (E-phase), and the result phase (R-phase).  

In the order phase, the initiation, and the executor work to reach an agreement about the intended result 

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

time of creation. 

The execution phase is characterized by the production of the P-fact by the executor.  
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Figure 4 – The basic patter of a transaction (Dietz 2006) 

Finally, the R-phase is the stage where the initiator and the executor negotiate and discuss about the 

result of the transaction.  

It is importance to clarify that performing a C-act does not mean that there is an explicit oral or written 

communication because most of them are often performed by non-verbal acts, or may even performed 

tacitly, which means that there is no act at all that counts as performing the C-act.  

2.8.3. The Composition Axiom 

The composition axiom states that every transaction is enclosed in some other transactions, or is a 

customer transaction of the organization under consideration, or is a self-activation transaction. 

Resuming the composition axiom says that is possible one transaction result on the combination of 

interrelated P-facts of other transactions that requires coordination between them. This axiom describes 

how these transactions can interact.  

A definition for business process could be extracted with this axiom because it gives a notion 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 environment (external activation) or a request by an internal 

actor role to itself (self-activation). Every transaction type is represented by the complete transaction 

pattern (Dietz 2006a). 

2.8.4. The Distinction Axiom 

The distinction axiom states that there are three distinct human abilities playing a role in the operation 

of actors, called performa, informa and forma. These abilities regard communicating, creating things, 

reasoning, and information processing.  

The performa ability concerns the creation of new, original things, directly or indirectly by communication.  
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An infological act or the informa ability focus on the content aspects of communication and information, 

fully abstracting from the aspects. Typically, these acts are inquiring, calculating, and reasoning.  

The forma ability concerns the forms aspects of communication and information. Even so, this axiom 

differentiates three modelling layers: datalogical, infological and ontological. The datalogical level 

describes the organization as a system of collaborating actors which produce, store, copy, transport and 

destroy documents. The infological level sees the organization as a system of rational actors that 

exchange information and perform computation to derive information. Finally, the ontological level 

regards the organizations as social systems, where actors engage in commitments to create new and 

original things.  

To obtain an ontological model of an organization, one has only to consider the performa ability, in both 

coordination and production.  

2.8.5. The 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: B-organization, the I-

organization, and the D-organization.  

The coordination parts of these three systems are similar, they only differ in the kind of production: B-

organization has an ontological production, the I-organization has an infological production and the D-

organization has an datalogical production. It is also possible see that the D-organization supports the 

I-organization, and the I-organization supports the B-organization, which, in its turn, provides a complete 

knowledge of the essence of the enterprise(Dietz 2006b). 

2.8.6. DEMO – Conclusion 

After describing DEMO, it is possible conclude that it can reduce the complexity of organization models, 

because it has the powerful of model white-box models, that defines precisely the structure of models. 

By focusing only in the ontological layer, it is possible to keep the essential of an enterprise and 

consecutively solving the problem of confusing business and technical aspects.  

To take the proper advantage of DEMO method it is necessary that the organization is fully described in 

a textual description. This text is written in natural language, by someone who has some insight about 

the activities performed by the organization, which can lead to misunderstandings due to the lack of 

expressivity.  

One another and important disadvantage of DEMO is the fact of the produced models are strange and 

may be difficult to understand by those who are not familiar with their specific notation.  

Despite of this, DEMO was chosen because it gives a specific a precise structure for each model and it 

can provide a single solution for each business process. 
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2.9. BPMN and DEMO 
This section includes the detailed description of researches that have been made and that relate BPMN 

and DEMO.  

2.9.1. Consistency of Business Processes using DEMO 

In (Caetano et al. 2012) it is made an analysis of the consistency of business processes using DEMO. 

The authors proposed a method that is divided in two approaches, namely, “bottom-up” and “top-down”.  

The bottom-up phase receives as input a business process diagram, modelled with BPMN, and the 

output result are two types of DEMO models, such as an ATD and PSD models. The main goal of this 

phase is to capture the conversation between actors and the results that are produced. The main steps 

of this phase are: 

1. Analyze the process model: consists in identify actors, build vocabulary (identify business 

verbs and nouns), identify collaboration and productions acts and classify acts as ontological, 

infological and datalogical.  

2. Build DEMO models (ATD and PSD) based on the ontological collaboration and 
production acts: consists in identify results of production acts and business transactions 

between actor.    

3. Analyze the DEMO models: consists in identify missing information, such as results and acts. 

4. Revise the DEMO models so that they comply with  the axioms of the Ψ-theory.   

The top-down phase receives as input DEMO models from bottom-up phase and the BPMN process 

model. The produced output is the revised BPMN model, and the main goals of this phase is check the 

compliance and the revision of the input BPMN model with the DEMO models. The main steps of this 

phase are: 

1. Perform gap analysis between the DEMO and BPMN models: consists in identify 

placeholders for missing or implicit actors, activities, control and data flows and business 

elements in the BPMN model. 

2. Revise the BPMN model so that the process complies with the DEMO model  

 

These two phases were tested in a large organization and the observed results shows that related with 

coordination acts, 25% of request acts are missing. The results are being produced without an explicit 

request, so it is not possible to identify an accountable service initiator. About 50% of promise acts are 

missing, and the requests are implicitly confirmed, often without governing contract or SLA, so the 

service performer starts producing a result without agreeing a contract with the initiator and this is not 
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formally accountable for production. Relatively to the acts of state, about 25% of this type of acts are 

missing. The results are not explicitly communicated and it not clear whether the responsibility of 

checking the completion of a result lies on the initiator or performer. Finally, 40% of acceptance acts are 

missing and the production results are not being explicitly accepted by the initiator. There is no formal 

acceptance of the result according to the original request. Regarding to productions acts, the observed 

results states that 25% of production acts are missing and consecutively the underlying business 

transaction is not explicitly producing results. 

With the observed results, the authors concluded that the consistency of BPMN process models can be 

assessed using DEMO and the revised BPMN models are not a silver-bullet solution. Revised BPMN 

models could serve to discuss design issues and optimization opportunities with the stakeholders.  

This solution does not solve the problem of this work because it is very focused on the evaluation of the 

produced models, that is, it does not help us to model a business process with BPMN. It focuses on 

assessing their compliance with DEMO and identifying possible points of improvement. Also, this 

solution could inspire some principles and the way of validating the proposed solution.  

2.9.2. The way of thinking of DEMO applied to BPMN 

Some drawbacks of BPMN are identified in (Van Nuffel et al. 2009), such as the lack of formal semantics, 

limited potential for verification and ambiguous description of the constructs.  

The authors presented as solution of this problem the application of the way of thinking of DEMO. First 

and to exemplify the proposed solution they present a universe of discourse where a customer orders a 

pizza and then model it in BPMN. This model is produced taking in mind the way of thinking of DEMO, 

so, at the end of the modelling process, they try to map the activities and events of BPMN with the 

elements of ATD.  

This paper concludes that Enterprise Ontology, combined with the DEMO method can provide a formal 

foundation to BPMN models. Moreover, revising existing BPMN models with DEMO can be used to 

verify completeness and consistency of the modelled business processes. Finally, the main contribution 

the paper is thus combining the rich representational aspects of BPMN with the formal correctness of 

DEMO.  

This proposal does not give any principles or methods to apply the solution. The authors only conclude 

that it is possible to map some logic and artifacts modelled in BPMN to DEMO models. With this, an 

inexperienced business manager can not apply it, therefore is not the solution for the problem raised in 

this work. 
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2.9.3. Converting DEMO transaction pattern into BPMN 

(Mraz et al. 2017) recently published a paper that describes a method for converting the transaction 

pattern DEMO into BPMN. This paper is well founded theoretically since it tries to map the concepts of 

DEMO with the concepts of BPMN languages. In this way, they can apply the method with rigor. 

The authors begin by mapping the c-acts / c-facts and p-acts / p-facts into BPMN language elements, 

which then take up the composition axiom to address the problems that may arise with the creation of 

threaded transactions as well how to solve the problem of blocking processes that are related. 

Still, based on the transaction pattern, the authors suggest a set of conditions and measures to revoke 

a process. This mechanism works according to a set of requirements that are suggested, so that the 

cancellation of the process is done in an effective and coherent way. 

When they apply the composition axiom, the authors argue the compound transactions can be modeled 

in two distinct ways. The first strand states that it is possible to model all transactions in a single diagram, 

and the second strand states that transactions can be modeled in different diagrams. 

Both approaches are valid, but represent distinct levels of complexity. In one case, will exist huge 

diagrams and in another case, will exist many diagrams. 

To control composite transactions authors, use BPMN loop activities and, catching events to unlock the 

execution of parent processes. 

Due to the high complexity that the diagrams can achieve, the authors also argue that these processes 

must be executed or simulated by specific automated tools. 

This paper focuses on the transaction pattern and the composition axiom, and forget other DEMO 

features. Despite this, there are interesting ideas in this paper to solve the problem identified in this 

research, and these ideas can be complemented with more features coming from DEMO. 

This solution does not solve completely the problem because its mechanism could generate too much 

activities that are not necessary, and the complexity of diagrams increase very much.  
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3. Problem Analysis 
Nowadays modeling business processes in BPMN is an activity that is practiced by business people 

and researchers. Given the previously identified problem, the non-use of principles for modeling in 

BPMN can lead to inconsistencies in the models. By highlighting problems that may be recurrent in 

BPMN diagrams, it is possible create a set of principles that help to solve ambiguities and 

inconsistencies in a coherent and precise way. 

Some authors (Leopold et al.) made a study where they identified issues in BPMN models in about 582 

processes from six companies. They subdivided the issues in three categories, such as structure, layout 

and labeling.  The results of this study are resumed in the figure below.  

 

Figure 5 - Modelling issues in BPMN (Leopold et al.)  

These authors followed a set of 37 guidelines in their study to achieve these results, so, the identified 

issues are examples of violation of these guidelines. Examples of these issues are presented in the 

diagram below. 
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Figure 6 - Example of BPMN model with typical errors (Leopold et al.) 

In the figure above the following problems are identified: 

• The behavior of the applicant is being modeled (1);  

• A sub-process is triggered in the “Application Assessment” activity (2);  

• The registration of the applicant never happens (3); 

• The validation of the preconditions is not all made at the beginning of the process (4);  

• There is no communication of the result of the process that is carried out in the "Recruiting 

Department" (5), also there is a lack of interaction between the applicant and organization entity; 

• In general, the labelling of activities in the diagram is not coherent. 

This analysis focused on the problems related to structure of process and labelling of activities because 

layout issues (figure 5) are outside of problem’s scope.  

Regarding the first problem, it is not correct to model the behaviour of an entity that is external to the 

context of the organization of which the process is part. It is not possible to define the behaviour of an 

external entity since it is not known what skills and resources the entity has and what kind of activities it 

can carry out. 

The second problem concerns a sub-process that is triggered to validate a series of requirements in 

another department. This is also not the most correct approach to do. There is no exchange of 

information between one process and another and therefore it is in doubt whether the sub-process 

1 

2

3

4 5
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contains all the information necessary to proceed. In fact, there is also no clear division between the 

process that is developed in the "HR Department" and the "Recruit Department". 

The third problem identified concerns the production of the outcome that is expected with the process. 

It is known if the assessment was accepted or not, but that act of effective this assessment never take 

effect. This is a recurring problem in business process models. All the activities are accomplished until 

the outcome of the process is achieved, but there is no concrete activity where this outcome is obtained. 

Another problem identified in this BPMN diagram is the late validation of the prerequisites to reach the 

expected outcome. This is a common problem in other BPMN diagrams. In the example above, it is 

possible to verify that there are validations that are made at a later stage in the process that takes place 

in the "Recruit Department" pool, for example, with "Check recommendation letter" activity. The ability 

to validate all the prerequisites of the process at an early stage saves time and resources during the 

process. 

Also, the lack of interaction in this process is something evident. The applicant after making his request 

only receives feedback from the organization when the decision is communicated to him. This way the 

aspirant does not know if the process is running in its normal flow or not since it receives no notification 

to inform that his request will be attended. This problem is also visible when the sub-process whose 

pool is "Recruit Department" is launched. This process is launched without an explicit request flow. It is 

also not known if the process is taking place since the “HR Department” does not receive any information 

about the progress of the process. Finally, the result of the sub-process is not reported to the "HR 

Department". This is a small example of what happens in many other processes. Lack of interaction can 

introduce inconsistencies in business processes. 

The nomenclature of the elements in the diagram must be made according to the glossary of the 

business context where the process is inserted. The study cited by the authors mentioned that of the 

582 processes studied, the majority presented inconsistencies between the glossary and the given 

names. In addition, there was also reuse and ambiguity in the names. This phenomenon can make 

reading and interpreting of business processes more difficult and complex. The table below has the 

summarized inconsistencies regarding to labelling.  
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Inconsistency Explanation 

Data objects with no link to glossary Data object description is not linked to glossary 

Roles with no link to glossary Role description is not linked to glossary 

Gateways with non-compliant labelling Violation against the object-principle-question 

convention (“Contract signed?”) 

Activities with non-compliant labelling Violation against the verb-object convention 

(“Sign contract”) 

Events with non-compliant labelling Violation against the object-participle convention 

(“Contract signed”) 

 

Table 1 - Labelling inconsistencies (Leopold et al.) 

Another problem of the BPMN diagrams is related to the representation of the multiple instances (Mraz 

et al. 2017). BPMN allows to define the multiple instances of an activity using loop type activities or 

cycles. This decision creates ambiguity and therefore must be considered. By using cycles, it is 

necessary define a counter to control the child transactions. This approach can lead with big diagrams. 

Also, by using multiple instance activity a signal must be sent in order to trigger a new transaction. This 

approach produces a smaller diagram but there is no control of how much instances were triggered.  

 

Figure 7 - Example of launching multiple-instance activities with cycles (Mraz et al. 2017) 
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Figure 8 - Example of launching multi-instance activities with loop activities (Mraz et al. 2017) 

Finally, there is another problem associated with business processes. Sometimes when a business 

process is created not all considerations are considered to define the process context. That is, the 

expected outcome of the process is not identified in advance. Often a process is modelled when is 

necessary to execute a set of activities, but in fact a process consists of changing the state of a system, 

by producing a result. If the expected outcome of the process is not correctly identified, it becomes 

complex to define its context, that is, to define when it starts or ends. 
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4. Solution Proposal  
This chapter exposes the solution for the addressed problem. It starts to present the solution and then, 

there is an extensible explanation of the proposal.  This section corresponds to DSRM Design & 

Development step.  

This work proposes a set of principles to model BPMN according to the method used in DEMO 
(identify ontological services, processes, actors’ roles, business rules, and data objects). These 

principles will ease and make more consistent the activity of modelling in BPMN, by solving syntactic 

and semantic issues.  

To define these principles, it is necessary a pre-made idea of the processes architecture. These 

principles can help define the context in which processes exist, but they do not serve to identify the 

processes architecture.  

It is understood that when speaking in a process context, it is intended to define when a process begins 

and ends and what outcomes it can provide. The table below contains all the principles to model with 

BPMN.  

Principle Description 

Define the process context This principle helps to identify the result that is intended to be 

achieved with a certain business process, also defining the begin 

and end of the process. 

Definition of pools and lanes A pool is modeled when it is intended to achieve a certain outcome 

that the organization can meet. Also, a pool could represent a 

resource or role that is responsible for a set of activities. 

Multi-instance activities When a process that intends to reach a given set of results that 

depends on the execution of multiple instances of another process, 

then the request and accept activities must be modeled using loop 

type activities. 

Interaction between pools Interaction between pools helps define the process and achieve the 

ultimate result. 

Activities name Based on the previously defined principles it is possible realize that 

there are at least five activities that are indispensable in the process, 

being the request, promise, production of outcome, state and 

accept. 

Table 2 - Principles to model BPMN based on DEMO principles 
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4.1. Define the process context explanation 
To identify the context of a process it is necessary to identify an outcome to be reached. Next, it is 

necessary to understand what sets of activities and responsibilities are necessary to achieve the 

outcome.  

With this, it is necessary to identify the activity that initiates the process (typically a request that is made) 

and which activity ends the process (typically a message confirming the end of the process).  

To explain the context of the process and its start or end the transaction axiom of DEMO was used. This 

axiom explains the context in which the process is defined, i.e. it is possible see when a process begins 

and when a process ends. This axiom also helps to define which are the essential activities through 

which the process must pass, such as: request, promise, state and accept. With the request step, it is 

possible start the process and with the accept the result is accepted and then the process can finish.  

Also, in the middle of processes, there is a set of activities chained together, whose functions are to 

inform, coordinate and produce the result.  In the case of Pizzeria there is an example of chained 

processes. When a customer goes to the store to order a pizza, a first process is triggered. Then, 

another process is triggered when the pizzeria receptionist orders the pizzas from the kitchen. In this 

way, the process that is initiated by the client only ends when the chained process is executed 

successfully and the activities after this process are executed with the expected outcomes. 

In summary, this principle is intended to identify a result, which activities start and end the process, and 

which are the activities that support the business process.  

This is explained with the axiom of the composition and the axiom of the distinction of DEMO.  

DEMO composition axiom tells us that each transaction can be enclosed in another transaction, such 

as a request from a customer to an organization, as well as a transaction that activates itself. From this 

axiom, it is possible define the context of the process, since it gives a notion that a business process is 

a collection of transactions chained together with a well-defined beginning and ending. 

Also, the axiom of distinction tells us that there are three types of human abilities, namely, performa, 

forma and informa, regarding to the ability to communicate, create things, reasoning and inform. This 

axiom reinforces this principle because it is through this set of skills used in the context of defined 

transactions that it is possible to achieve a defined result for each transaction.  

In conclusion, with this principle we solve the problem of identify the ontological outcomes associated 

to each process, as well as, the beginning and ending of each process. This will be reflected in the 

number of processes triggered and in the right identification of the services and artifacts that 

organization can attend.  
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4.2. Definition of pools and lanes explanation  
A pool corresponds to an area of responsibility over the activities contained in it, i.e. there is always a 

set of entities and resources inside or outside the organization that are responsible for executing a set 

of activities until the result of the business process is achieved. 

For pools that represents the internal context and behaviour of the organization, its representation must 

be “white-box”, and the pools outside the organization context, its behaviour is modelled as "black-box". 

The Figure 9 shows how actor roles can be mapped from DEMO to BPMN. 

 

 

 

 

 

Figure 9 - Mapping between DEMO actor roles and BPMN pool responsibilities 
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From the image above, it is possible see that entities and roles that are outside of the context of the 

organization are modelled as “black-box” (Customer). The behaviour of entities and roles that are part 

of organization are modelled as “white-box” (Completer and Baker).  

Regarding the roles of responsibility, the BPMN still has in its notation the lanes. This principle defines 

lane as a graphical representation for a more refined delegation of responsibility within the process. In 

the case of the pizzeria, in the kitchen pool there may be two roles of responsibility (lanes) within the 

same context. A first role responsible for receiving and promising or rejecting the requests that are made 

for the kitchen and the lane of the cook responsible for producing the result of that transaction.  

In DEMO, there are the actor roles. These roles are assigned depending on the responsibilities that are 

present in the transactions. Thus, by making the analogy between BPMN and DEMO, it is possible 

associate pools and lanes with the responsibilities associated with each business process. That is, as 

in DEMO, also in BPMN, it is possible have responsibility roles associated with each transaction. 

Finally, this principle helps to define pools and lanes associated to each process. It is clear from this 

principle that to define a pool it is necessary to have a properly identified outcome that will be reproduced 

by a resource that has capability and is responsible for the production of that outcome. Also, lanes are 

defined whenever there is a delegation of tasks. However, to properly define pools and lanes, it is 

necessary to correctly identify the scope in which outcomes are produced.  

4.3. Multi-instance activities explanation 
A practical example of this principle is the case of Pizzeria. A customer can go to the pizzeria and order 

several pizzas. This action implies that whoever receives the order from the customer makes several 

orders for the kitchen and must wait for all the pizzas to be cooked to deliver to the customer. 

This principle is supported in a paper presented at the EWC conference (Mraz et al. 2017), where the 

authors rely in the composition axiom of DEMO to better explain the way where multiple instances are 

created. They present two solutions to instantiate multiple child transactions, such as, loop activities and 

cycles. Modelling by cycles a counter is needed to know how many times the activities run, and to know 

the number of transactions must be completed to proceed with the process.   

Otherwise, modelling by loop, the activities are modelled as sub processes where a signal is sent to 

start a new child transaction and the process is complete when child transactions are completed.  

With the first approach (cycle) it is possible to have a better control in the counter of instantiated child 

transactions, but its complexity increases with the number of child transactions.   

To model in BPMN, and to have a generic approach for multiple instance transactions, the loop modelling 

way is preferred, because there is less complexity in model’s despite of not having the control of the 

counter.  

 



29 
 

The image below exemplifies the use of this principle in a more precisely way. 

 

Figure 10 - Example of application of Multi-instance principle in Pizzeria Case 

In conclusion, this principle tells us that whenever there is a need to make several requests for an 

outcome to be produced, we must do so essentially through two activities. We must have the request 

and accept activity, which in turn must be modelled as loop activities in the BPMN diagram. In this way, 

it eliminates the existence of counters that would block the processes in case something went wrong. 

In addition, it is clear in the diagram that the requests are made and accepted, being in conformity with 

other defined principles, namely with respect to the interaction. 

4.4. Interaction between pools explanation 
To facilitate interaction, it is proposed, based on DEMO (Dietz 2006), a pattern of activities that help to 

have control over the phases of interaction of the process and the responsibilities defined. 

In this way, it is essential that the process contains at least the following activities:  

• Request: the request activity is for an entity to start the process that produces an expected 

result. 

• Promise: the promise activity consists of informing the requester that a request is going to be 

executed or not. 

• State: the state activity consists of informing the requester that the process is over. 

• Accept: the accept activity consists of an interaction flow in which the requester informs the 

executor whether the outcome of the process is the expected one or not. 
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This pattern of activities helps to define a flow of interaction in which all parties involved in the process 

are aware of the state of the process as well as the responsibilities within the process. 

To be able to make the promise of a request, it is first necessary that the person receiving the request 

understands and is fully informed about what is being requested. Therefore, in the request phase, two-

way interaction can and should exist to arrive at an understanding of what is being requested. After that, 

the organization can promise or decline the request.  

It is important to note that in activities in which it is necessary to decide based on a request or message 

that has been sent to the requester, it is necessary to wait for a message from the requester (in an 

intermediate event) so that it can be treated in a specific activity (ex: promise or accept) and thus define 

the correct outcome of the process. Also, it is important to note too that the outcome of the process is 

obtained between the promise and accept activity.   

Considering the explained pattern, and based on operation axiom of DEMO it is noticed that there are 

production activities and coordination activities. However, to achieve the goal there may be activities or 

sets of activities that are interleaved or encapsulated, such as asking someone within the same branch 

of responsibility to validate a given form or result. 

Regarding operation axiom, this principle suggests the usage of interaction pattern used in DEMO, that 

fulfil completely the utilization and properties of P-acts and C-acts. The image below shows how it is 

possible to use DEMO way of interaction and transaction pattern in BPMN 

 

 

 

Figure 11 - Transaction pattern and interaction flows used in DEMO applied in BPMN 
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4.5. Activities name explanation 
Given these activities, the name that can be given are: 

• Request X; 

• Promise X;  

• X; 

• State X;  

• Accept X. 

Other activities that can be included in the model should not escape this nomenclature and must contain 

the action followed by the name of the desired result (e.g. calculate X, insert X). 

This principle proposes names that follow the names of DEMO transaction axiom. The given names are 

self-explanatory, and it facilitates to understand the propose of each activity.  

4.6. Principles conclusions 
As it is possible see, the presented principles are based on DEMO. Typically, DEMO is used to model 

precisely the structure of models. The presented solution proposes the way of modelling that structure 

to model behaviors (typically BPMN models), and by using this approach we hope that the ambiguity of 

the models will be reduced. 

The example presented in figure 12 consists of the application of all suggested principles. Based on 

each business case you can apply several versions of this template. This example shows the most 

complete way that BPMN diagram can present when applying all the principles of the presented solution. 

If there is no need to include threaded processes, the entire part of the diagram having the request to 

the external entity 2 is canceled out in the diagram. Also, the need to evaluate pre-conditions to start the 

process is a situation dependent on the business case and therefore can be abolished from the diagram. 

Finally, it can be noted that following these principles to model in BPMN the reading and interpretation 

of the diagrams produced becomes simpler and common to all the participants. This new capability also 

helps to optimize and redesign the process to be an easier, faster and more efficient task. Still, by 

improving diagrams semantically, some business processes can have a direct impact on the business 

and in the way that things are done within the organization.  

It should also be noted that to add new procedures throughout the processes just follow the proposed 

principles and quickly obtain the new business logic without needing to change much of what has 

already been done. 
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Figure 12 – Example of process that implement all suggested principles 
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5. Validation of Proposal 
This section concerns the validation of the proposal given and it corresponds to the Evaluation step of 

DSRM. In this section, it is considered the analysis that has been done on the problems identified and 

try to solve them by applying the principles defined in the proposal. 

First, the presented principles for modeling in BPMN are in line with most of the problems identified. 

Then, as explained, DEMO was used as the basis for creating the principles since the methods used in 

DEMO are precise and concise. 

By adopting this DEMO capability, it is possible to solve most of the problems of ambiguity when 

modeling with BPMN. The validation of the problem of ambiguity is dealt within this chapter but is more 

detailed in the chapter of the Demonstrations.  

The following figure contains the application of the principles to the BPMN diagram used in the analysis 

of the problem made in chapter 3, figure 6. This new version solves all the problems that are within the 

scope of the proposal, that is, problems related to the structure or semantics of the process, and the 

problems related to the labelling of roles, activities and events. 

 

Figure 13 - Application of principles in a problematic model 

The problems identified during the analysis phase were: 

• Modelling the behavior of the "client" of the process; 

• Launch of a sub-process that will take place in another department; 



34 
 

• Non-identification of outcome of the process; 

• Inexistence of the act where the outcome is produced; 

• Late validations of the preconditions of the process; 

• Lack of communication and interaction between entities; 

• Inconsistent Labelling; 

• Ambiguity between loop activities and multiple instances; 

The validation of the proposal took into account the work (Caetano et al. 2012). It was validated if the 

demonstration diagrams were in accordance with the DEMO axioms. In addition, by solving the 

problems identified above, a BPMN diagram was obtained, where this validation was also made.  

Regarding the application of "Define process context" principle, it is possible to solve two of the problems 

identified as shown in the diagram. With this principle, it was possible to define the beginning and end 

of the process, as well as the expected outcome of the process. In the diagram, the use of this principle 

is notorious when performing the activities where results are produced, for example, "Decide 

Assessment" and "Enrol Aspirant". 

The application of the second principle allows solving two problems. First, it is possible to realize that 

the behaviour of the client should not be modelled since it is a "black-box" behaviour. In addition, and 

considering the first principle, it is possible to realize that the sub-process that was launched, is only a 

process that is realized in the “Recruit Department” and that arises from a request by the “HR 

Department". Considering that this produces an ideal outcome and that takes place in another 

department, there is a need to define a new pool and consequently a new process. 

The principle of "pool interaction" is one of the most complex principles. This principle defines the 

structure of the process and the interactions that must exist between existing pools. The validation of 

this principle is evident in the diagram since it is possible to identify the key activities of the process, 

namely the request, promise, production act, accept and state. Also, the problem of interaction and 

communication between pools is solved with this principle. In several activities represented in the 

diagram it is possible to verify that there are flows of communication or interaction between the entities 

represented. Also, the validation of the preconditions of each process are considered  in this 

principle and it is possible to validate with the activities "Check Y" in the diagram. 

Reactively to the nomenclature of activities is also defined a principle that can be validated in the 

diagram presented. Having the outcome of the process well defined the nomenclature of the activities 

becomes easier using the principle. It is possible to validate this principle by checking in the diagram 

that it has activities whose name is Request X, Promise X, X, Accept X, where X is the expected outcome 

name of the process. 

The problem of multiple instances is explained in figure 10 of chapter 4. When there is an activity in the 

process where it is necessary to make several requests (for example to the kitchen of the pizzeria) there 

is a multi-instance “Request” activity. This activity represents the various orders that are made, thus 
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triggering the orders needed to fulfil the customer's request. As the requests are being completed, there 

is an “Accept” multiple instance task. In this activity, the results of the processes that were triggered 

previously are accepted. In this way, there is no risk that the processes will be blocked, since things are 

processed as the requests are made and the results accepted. It is also notable that the diagrams 

produced are not large, since it is not necessary to introduce counters or additional complexity to solve 

the problem of multiple instances. 
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6. Demonstrations 
This chapter describes one work in progress demonstration of the proposed solution and corresponds 

to the Demonstration step of DSRM.  

The chapter of the demonstrations consists of the example of the adoption of the principles of chapter 

5 to the cases known and modeled in DEMO. This chapter aims to reinforce and more fully explain how 

the principles apply to use cases and how the problems of ambiguity and inconsistencies in the diagrams 

are solved. The used cases have its own representation in DEMO and through the presented solution 

they will be represented in BPMN. It is important note that the produced BPD is based on the way of 

thinking in DEMO. 

6.1. Demonstrations based on DEMO Cases 

6.1.1. The Pizzeria Case 

The Pizzeria Mama Mia was established in 1970 by the owner at that time, Mia, and her son Mario. 

[Customers] (announce) themselves at the counter of the Pizzeria or make a telephone call. In both 

cases, [Mia] writes down the name of the customer, the ordered items, and the total price on an order 

form. On the counter lies a menu of the available pizzas and their prices. 

In the case of an order by telephone she also notes the telephone number. Moreover, she repeats the 

ordered items and (informs) the customer about the price and the expected time that the order will be 

ready.  

The order forms have a serial number and are produced in duplicate: a white and a pink copy. [Mia] 

(slides) the pink one through a hatch in the wall to the kitchen, where [Mario] takes care of <baking> the 

pizzas. She keeps the white copy behind the counter.  

As soon as [Mario] has <finished> an order, he (slides the pizzas in boxes through the same hatch to 

Mia, including the pink order copy). [Mia] then seeks the matching white copy, (hands it together with 

the boxes over to the customer), and waits for <payment>. 

Below it is presented two DEMO diagrams that represent the Actor Transaction Diagram (ATD) and the 

Process Structure Diagram (PSD). At this stage, these diagrams help to understand how the activities 

and flows were modelled in BPMN diagram. 
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Figure 14 - Actor Transaction Diagram (ATD) for Pizzeria’s Case (Dietz, 2006) 

 

Figure 15 - Process Structure Diagram for Pizzeria’s Case (Dietz 2006)  

 

 

Figure 16 - BPMN of Pizzeria Case 

With the presented model, it is possible understand that there is a compliance with some of the axioms 

and models of DEMO. The actors represented in the pools appears according with the identified actors 

in the universe of discourse and in the ATD model presented above. Inside pizzeria there are two pools 

that are modelled as “white-box”, namely the Completer and the Baker that interacts with a customer 

(another pool) that is modelled as “black-box”.  

A good practice of BPMN is not model behavior that are not under control of the enterprise so, the 

presented model only presents the actions and events that are in the scope of the enterprise. All the 

other interactions are modelled with interaction flow.  
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Related to the appliance of the axioms, it is possible see the usage of the transaction axiom. The 

customer starts a new process when makes a request for the completer (represented by a catching 

message event). Then the completer promise or decline this request and send this information to the 

customer. Next it is necessary request to bake the pizzas, so a new process is started, where a request 

is made from the completer to the baker.  

With this interaction, the composition axiom is presented, and it is shown by the request made from 

completer to baker. The usage of this axiom is explained too by the dependency of the result of this 

second process to proceed with the first process.  

This second process is very simple. The baker only promises or decline the request of completer and 

then bake or not the pizza and send it to the completer.  

Backing to the first process, the completer accepts the pizzas and the first process proceeds in its normal 

flow, otherwise another request is made to the baker to fulfill correctly the expected result. Here are 

presented two important phases of transaction axiom, namely the state and accept steps. With the state 

step the baker informs the end of its process and the produced result and with the accept stage (in the 

side of completer) he decides if the obtained result is what is expected or not.  

When the process follows its normal flow, a new transaction for customer payment is started. Once 

again, the transaction axiom is presented, but the only steps that are modelled on the completer side is 

the request and accept steps. If the payment is accepted the completer deliver the pizzas (result of this 

process) to the customer and states the end of the process, otherwise another request for payment is 

made until it is accepted to proceed with the process.  

With this demonstration, it is shown that following the way of thinking in DEMO and by applying some 

of its axioms the makes easier the way of model in BPMN makes easier. In this specific case, by 

applying the transaction and composition axiom, it is modeled and identify the main steps to reach the 

expected results of the involved processes. First, it is identified the pools to be modeled, based on the 

actor roles presented in ATD. Then it is identified the enclosed processes based on the transactions 

presented in ATD and PSD. Finally, by applying the transaction axiom it is modeled in BPMN the entire 

process recurring on each step of this axiom.  

6.1.2. Funride Case 

The company Funride rents cars, operating from geographically dispersed branches. Many cities have 

a branch, some even several, and there are also branches located near airports and railway stations. 

The cars of Funride are divided in car groups. A car group may contain several types of car (brands and 

models); all cars in a car group have the same rental tariff per day. 

Somebody who concludes a rental contract with Funride is called the renter of the rental. There is also 

somebody the driver; this person may but need not be the renter. 
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Some of the data that have to be filled out on the contract form are the identification data of the renter 

and the driver, the desired car group, the duration of the rental (a number of days), the branch where 

the car will be picked up, the branch where the car will be returned, and the starting date of the contract. 

The return branch may but need not be the same as the pick-up branch. 

For a walk-in customer, the starting date is usually the same date as on which the contract is established. 

However, one can also book rentals in advance. Then the starting date is some future date. 

At the starting date of a rental, a particular car is allocated (you do not have to model this). In order to 

drive the car, the driver has to pick it up. 

After the car of a rental has been dropped-off at some branch, the rental can be ended. This implies that 

the incurred charge must be paid. The actual rental charge can consist of several elements. First, there 

is the basic charge amounting to the contracted duration times the tariff per day. Then there may be a 

penalty charge for exceeding this duration. It amounts to the number of extra days times the late return 

penalty tariff. Lastly, the car may have been dropped-off at another branch than the contracted return 

branch. In that case a location penalty charge is added. 

Below it is presented the respective DEMO diagrams, namely the ATD diagram and PSD diagrams that 

helps to understand how this case can be modelled using DEMO.  

 

 

Figure 17 - Actor Transaction Diagram (ATD) for Funride Case (Dietz, 2006) 
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Figure 18 - Process Structure Diagram (PSD) for Rental Start of Funride Case (Dietz 2006) 

 

 

Figure 19 - Process Structure Diagram (PSD) for Rental End of Funride Case (Dietz 2006) 

 

Figure 20 - BPMN of Rental Start of Funride Case 
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Figure 21 - BPMN of Rental End of Funride Case 

The Funride demonstration, like the previous demonstration, shows that there are enclosed transactions 

and by applying the transaction and composition axiom of DEMO in BPMN it is possible to describe this 

business case. 

However, it is the purpose of this demonstration to show that within the context of an organization it is 

possible to model more than one business case, for example, the act of starting renting and the act of 

ending a renting. 

As it is possible to see in the DEMO diagram, there are three main actors, namely the renter, the 

company Funride and the driver. Again, following the principles previously specified, it is known that the 

renter and the driver are entities external to Funride and therefore in the presented BPMN diagram they 

are modeled as "black-boxes". 

From ATD diagram it is possible identify two processes, rental start and rental end. The first process has 

as result the formalization of a contract for rental a vehicle that will later be picked up by a driver, while 

the second process leads with the end of rental contracted formalized between Funride and the renter. 

The first process begins with a request from the renter to rent a car and therefore formalize a contract. 

A Funride representative will promise or reject the formalization of this contract, in the activity "Promise 

Rental Start" and then asks for the necessary data, such as the date of pick-up and drop-off of the 

vehicle. 

When the client matches the dates with Funride, it is possible to start the contract (performa activity) 

and thus communicate to the renter the start of the contract (state start of contract). 

This first process runs until there is a validation that the car was picked up and delivered on the specified 

dates and end when Funride validated that the car was delivered the combo point.  

The second process, "Rental End" begins when the renter requests to end the rental, i.e. the renter 

knows that the car was dropped-off and ask Funride to finish the rental of the car. To do so, it starts an 

order of “Rental End” where a representative of the company confirms if the car was delivered or not. If 

the delivery of the car is confirmed the process follows in its normal flow, otherwise the customer is 

informed that it is not possible to go ahead with the process to finish the rental. 
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In the normal flow of the process, when it is confirmed that the car was delivered at the agreed date and 

location, Funride informs the customer that it will finish the rental, following a request for payment to be 

made. At this point, Funride is waiting in an intermediate event for payment. When this event is 

accessed, the company confirms whether the payment is correct or not. If there are anomalies with the 

payment, a notification is sent to the customer and the customer waits until the account is cleared. In 

case everything is correct, it follows the activity that will end the contract and finally the process ends 

informing the client of the actual term of the lease. 

Finally, with this demonstration it is possible see that the proposed principles are followed and in this 

way, it is possible identify two distinct business processes that are clearly inside of the scope of Funride. 

Since one of the principles defines that a process exists whenever it is necessary to produce a result, 

then it is realized that there are two distinct processes when someone want to formalize a contract and 

when someone want to close a contract, so, it is possible identify the two processes: Rental Start and 

Rental End. 

After defining the processes, and by applying the axiom of the transaction, it is possible to arrive at a 

set of activities that transcribe in BPMN the business process. However, it is also possible to realize that 

there are specific transactions and interactions within the process whose main objective is to 

successfully achieve the expected result. 

To these specific interactions, it is associated the axiom of the composition and the fourth principles, 

because it possible to identify threaded transactions within the processes and there is a known pattern 

of interaction between the involved parts of the process.  

Regarding the nomenclature, once again the models presented follow the principles given.  

Finally, the third principle is not present here because there are no multi-instance activities to be 

modelled.  

6.1.3. Lifetime Case 

The insurance company Lifetime offers two types of life insurance products: term life insurance and 

pension insurance. A term life insurance protects the beneficiaries against the financial damage they 

may suffer when the insured dies during the policy term. A pension insurance protects the insured, 

among other things, against income loss as a result of reaching the pension age. Although Lifetime sells 

their products both to individual persons and to collectivities, we will only consider the case of individual 

persons. 

A person who wants to take an insurance policy typically starts with asking Lifetime for advice about the 

product(s) that would best suit him or her. This advice can be given in a face-to-face meeting with an 

employee of Lifetime but it can also be done in a telephone call. People who have asked for advice are 

called candidate insurants by Lifetime. 
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If a candidate insurant is interested in a product, he or she asks for a quotation. Quotations are sent to 

candidate insurants by postal mail. By signing and sending back a copy of a quotation, the candidate 

insurant indicates that he or she wants to take the offered insurance policy. Lifetime calls this action 

policy binding. 

As soon as such a request is received, Lifetime checks whether the risk is acceptable, i.e. whether 

Lifetime can bear the risk itself. If not, a part of the insured amount will be reinsured with a reinsurer. 

This reinsurer can be a regular insurance company or an insurance company that is specialized in 

reinsuring. 

In some cases, reinsurance is legally obligatory. Lifetime pays a periodic reinsurance premium for every 

reinsurance policy. 

As soon as an insurance policy is bound, the candidate insurant becomes insurant. He or she has to 

pay a periodic premium for the insurance for as long as it exists. We will not consider the ending of 

insurance policies. 

 

Figure 22 – Actor Transaction Diagram (ATD) for Lifetime Case (Enterprise Engineering Institute, 2016) 
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Figure 23 – Process Structure Diagram for Providing Advice of Lifetime Case (Enterprise Engineering 
Institute, 2016) 

 

 

Figure 24 – Process Structure Diagram for Insurance Process of Lifetime Case (Enterprise Engineering 
Institute, 2016)  
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Figure 25 – Process Structure Diagram (PSD) of Premium Payment Process of Lifetime Case (Enterprise 
Engineering Institute, 2016) 

 

Figure 26 - BPMN of Providing Advice of Lifetime Case 

 

 

Figure 27 - BPMN of Insurance Policy Quotation Case 
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Figure 28 - BPMN of Insurance Policy Binding Case 

 

Figure 29 - BPMN of Reinsurance Premium Payment Case 

 

Figure 30 - BPMN of Premium Payment Management Case 
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With the Lifetime case, it is intended show the application of the suggested principles in a more complex 

case. As can be seen from the ATD diagram there are more entities that make up the context of the 

case, thus making this a more complex demonstration. 

By associating each actor role that is within the context of the Lifetime organization, it is possible identify 

a set of five processes modeled in BPMN. There is a relationship between some of the processes, and 

it is already visible in the ATD diagram in the case of transactions T03, T04 and T05. 

As the business case describes, it is possible for a person seek advice from the Lifetime organization. 

As such, one of the first processes modeled in BPMN is precisely the one in which a person asks Lifetime 

for advice. 

This first process is very simple and applying the axiom of the transaction makes it even simpler. The 

process starts with a request from a person for the advice, to which Lifetime promises or rejects this 

request. If you wish to respond positively to the request, the Provide Advice action gives the necessary 

information to the person who requested it, and then the process ends with a notification to the requester 

confirming its termination. Otherwise, if Lifetime declines the request, a notification is sent to the request 

and the process ends.  

The second BPMN model shows another operation that is part of the company's business context. This 

model shows how a candidate for insurance gets a quote. In this way, the model shows that the process 

is started when an insurance candidate makes a request for a quote, and then the company responds 

positively or negatively to that request. Again, in case Lifetime positively accedes to this request, the 

quote is provided to the candidate and the process ends with a notification to the candidate. Otherwise, 

when the supply of this quote is rejected, a notification is sent to the candidate to inform the decision 

and the process ends. In this model, it is also very perceptible the use of the axiom of the transaction.  

Regarding the third diagram, this shows us the business case in which a binding is made between the 

insurance applicant and the quota. Here is the application of the fourth principle. To enhance the binding, 

it is necessary that the client has requested a quota and therefore the first step after the applicant 

requests this binding is to validate if a quota was given to the candidate. 

If so, the process runs in its normal flow again following the axiom of the transaction. The next step is to 

promise the candidate that the binding will be done. However, there is a notion in this business case 

where once again it is necessary to validate if it is necessary to do a reinsurance. To model this problem 

in BPMN it is used the first principle and thus apply the axiom of the transaction and the composition. If 

it is needed to make a reinsurance, Lifetime will make a request to a reinsurance company where it 

waits for the necessary response. When all conditions are met, in the activity of Insurance Policy Binding 

the result of this process is produced and it is followed to the activity where this ends with the sending 

of a notification to the candidate. 

The fourth BPMN model describes how the insurance premium is paid. In this case, Lifetime receives a 

request from the reinsurer to make the payment. Lifetime accepts or rejects this request in the promise 

reinsurance premium payment activity and in the positive flow makes the payment ending the process 
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with a notification to the reinsurance company. In case you reject the payment, a notification is sent to 

the reinsurance company and the process is ended. This is a straightforward process where principles 

1, 2, 4 and 5 are clear. 

Finally, the fifth process consists of the management of payments by customers. This process has a 

nuance since it is a process that activates itself. Given the universe of discourse it is not possible to 

know in which situations it is instantiated, therefore the starting event may not be defined in the most 

correct way. In this process, not all the principles are applied, however, it is wanted to highlight the multi-

instance activities that arise in the various payment requests that are made, as well as the way things 

are chained. 

This process activates itself, following the activity in which it is accepted or rejected. Then, the condition 

that allows us to manage the payments, that is, whether it is necessary to make payment requests or 

not, is confirmed. In case it is necessary, the process follows a flow of multiple instances in which the 

request for payment is made to the insured and is waiting for them. Otherwise the process follows its 

flow and continues to the activity where the payment management is done. 

Since it is an internal process, it is also in the context of the process that the state and accepting activities 

of the process are modeled, finishing the process after it is accepted. 

This is an interesting example because it was necessary to apply all the principles, emphasizing the use 

of principle 1 and 3 where are applied the axioms of transaction and composition in a case where there 

are activities of multiple instances. 

6.1.4. Educational Administration Case 

The HIT (Holland Institute of Technology) is a university of technology in the Netherlands, comprising 

fifteen schools, in seven faculties, which offer Bachelor and Master programs in a variety of technological 

areas. One of them is the school for Information Architecture (IA). This school offers a two-year Master 

Program with the same name. General information about the program can be found on the website of 

the school. In the school is a department of Educational Administration (EdA) that deals with all 

administrative matters concerning the Master Program.  

The first thing students have to do if they want to follow the IA Program is to (apply) for admission. To 

this end they have to fill out the so-called Program Admission Form, of which a PDF can be downloaded 

from the website of the school. One has to add photocopies (Xerox) of the Bachelor diploma one 

possesses, or of a diploma that one considers to be an alternative (e.g. a Master diploma). The 

applications for admission are collected and processed by the Admission Office of EdA. Students with 

a BSc in CS from HIT or from some other Dutch university or from a European university in the so-called 

IDEA-league are directly admitted. The Program Director (who does not belong to the EdA) decides 

on all other exceptional cases. 

Allowed admissions are entered into MASH (MSc Administration System HIT). A confirmation of the 

admission is sent to the student by e-mail, as well as by a written letter, which is delivered by the public 



49 
 

postal mail service. After having been admitted, students have to enroll in the courses they want to follow 

by means of the WhiteBoard system, which is managed by the EdA. The complete program and 

schedule of the courses can be found on the school’s website. Successful enrolments are confirmed to 

the students by a corresponding e-mail message. The WhiteBoard system is also used for all kinds of 

communication between the lecturers of the courses and the students. 

The scheduling of the courses is also an activity of the EdA. Scheduling a course means that one has 

to find a free lecture time slot and a free lecture hall for a course, such that there are no conflicts of 

coinciding lectures within the IA program. The course year is divided into four periods of 9 weeks. 

Lectures are given in the first seven weeks. The eighth week is free for study and in the ninth week are 

the exams.  

Exams are scheduled either in the morning (9-12 hrs.) or in the afternoon (14-17 hrs.) of the weekdays 

in the ninth week of a period, as well as once a year extra in August. This is also an activity of the EdA. 

Students have to register explicitly for the exams, via MASH. The system produces a list of all registered 

students for an exam, which is sent to the examiner (who does not belong to the EdA). After having 

valuated the answers of the students, the examiner writes the grades on the list and sends it back to the 

EdA.  

Apparently, the valuation of exams is not a responsibility of EdA. The initiator of the valuation 
transaction type clearly is the student and the executor clearly are the examinator.  

These data then are processed in MASH. For security reasons, students are not able to inspect their 

grades online. Instead they can apply to the students’ desk of the EdA and ask for a printout of all their 

grades. The grades per course are also published on the WhiteBoard system. They can be accessed 

by the students based on their personal user code and password. 

If a student has passed all exams of the IA Master Program, he or she is entitled to receive the diploma. 

In order to get the diploma, one has to fill out the so-called Diploma Application Form, which can be 

downloaded from the school’s website. These forms have to be handed over or sent to the EdA who 

passes them to the Examination Board (does not belong to the EdA), which decides about the issuing 

of diplomas. The EdA records these decisions. 
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Figure 31 - Actor Transaction Diagram (ATD) for EdA Case (Enterprise Engineering Institute, 2016) 

 

 

Figure 32 - Process Structure Diagram (PSD) of Program Admission of EdA Case (Enterprise Engineering 
Institute, 2016) 

 

 

Figure 33 - Process Structure Diagram (PSD) of Course Enrollment and Exam Registration of EdA Case 
(Enterprise Engineering Institute, 2016) 
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Figure 34 - Process Structure Diagram (PSD) of Course Management and Course Scheduling of EdA Case 
(Enterprise Engineering Institute, 2016) 

 

 

Figure 35 - Process Structure Diagram (PSD) of Exam Management and Exam Scheduling of EdA Case 
(Enterprise Engineering Institute, 2016) 

 

Figure 36 - BPMN for Admission Case 
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Figure 37 - BPMN for Course Enrolment 

 

 

Figure 38 - BPMN for Exam Registration Case 
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Figure 39 - BPMN for Course Management and Course Scheduling Processes 

 

 

Figure 40 - BPMN for Exam Management and Exam Scheduling Processes 

The case of Educational Administration is an interesting case to prove since there are activities that are 

carried out only in the context of the organization, not depending on external entities. This demonstration 

intends to emphasize the right usage of principle 2 and the modeling of multi-instance activities (principle 

4). 

This case begins with an aspiring student who engages in a college admission program. The university 

receives the request for admission on the part of the aspirant to whom it promises or rejects the 

admission of the same. In this case the university to confirm if the candidate is able to enter the university 

must first consult the admission approver in order to validate. Since admission approver is an entity 

external to the organization context, its behavior is not modeled, only showing the interaction or 

communication that exists between the activities and the pool that represents this entity. 

When the opinion is favorable, and the candidate can be admitted, is then given an affirmative answer 

to the candidate. After that the admission of the student is formalized in the activity called Admitting 

Student. The process ends in an event that sends the notification to the same. In the case where the 

student's admission is rejected, the process ends with an event that notifies the candidate of that 

decision. 
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The second process that is proved consists of enrolling the student in courses. This process begins with 

a request from the student to enroll in the course, and next validated whether if the student is enrolled 

in the college and can enroll in the course. In the positive case, the student is informed that this 

registration will be carried out and EdA tries to enroll the student in the course. The next activity is to 

inform the student of process completion and its result. In case the student cannot enroll in the course 

a notification is sent to the student and the process ends. 

Similar to the previous process there is also the registration of the student in the exams. The student 

begins the process with an application for enrollment, followed by validation by EdA if it is possible or 

not to enroll the student. In the affirmative case, the student is informed of this decision, the registration 

is made, and the process ends with a notification for the student. In case it is not possible to register the 

student in the exam, the student is notified, and the process ends. 

The other process that is part of the organization context is the management of the courses and their 

schedule. As already mentioned, this is a process that is dealt entirely within the context of the 

organization and as such it is possible see that the flow runs all through pools that are modelled as 

“white-box”. 

This process is a process that has a specific period in which self-starts. After its start, the process goes 

for an activity where the management of courses is promised or rejected. The process flow dictates that 

the next step is to ask N times the schedule manager of the courses to schedule the courses. Since the 

course scheduler is an entity internal to the organization, its behavior is modeled on a separate pool as 

“white-box”. Based on the request that is made, the course scheduler promises or rejects the request, 

and positive flow, schedules the respective course, informing the course manager of the schedule. The 

course manager based on feedback from the course scheduler accepts or rejects the schedule sent. In 

the case where the schedule is accepted, the state of the process is done, which ends with the 

acceptance of the process. For each request that is made for the course scheduler it is expected that 

course manager accept or reject the result of course scheduling process in the same number of 

requests. This shows the application of principle 4.  

In this demonstration, it is interesting to note that there is a distinction between external entities and 

entities external to the organization, and that the way they are modeled also distinguishes between 

pools and lanes. The use of multi-instance activities is also visible in this process. 

The last process consists of the management and scheduling of the exams and is in all the same way 

to the process described previously.  
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7. Conclusion 
Nowadays many companies try to represent their business processes through models. As it is can be 

seen, BPMN is the most common modelling language because of its ability to express itself and its 

integration with other tools. However, it was also verified that there could be several problems of 

ambiguity and semantic errors associated with this type of diagrams. 

To find a solution to this problem a research on the related work was done. The first step was to 

understand what are business processes, what are the main steps to model business processes and 

the different languages in which they can be represented. 

Still, it was tried to understand what solutions have already been found to identified problem, where it 

was possible conclude that these solutions do not solve entirely the problem. 

Given the identified problem and the related work, this document presents as solution a set of guiding 

principles to model BPMN diagrams taking advantage of the thinking of modelling DEMO. The fact that 

DEMO is very precise and concise in its models, allows a unique model to represent the reality of the 

organization, leaving no margins for ambiguities. Therefore, the presented solution is to adopt this 

structure modelling solution to model behavior in BPMN. 

As result, it was possible to conclude that the principles could be applied using BPMN to model more 

precise and coherent business process models. 

With this solution, it is expected that the ambiguity of the BPMN diagrams to be solved and that these 

diagrams gain a structure that is easy to redesign and optimize to keep the objectives of the companies 

always aligned with the business processes. Also, it is provided a set of standards that can be used by 

organizations in the future and follow the principles used in our solution. 

7.1. Lessons Learned and Contributions 
By doing this research important lessons must be taken. First, the topic of business process modelling 

it is a concern for organizations and researchers. This evidence is gathered from the quantity of papers 

written about this topic.  

However, some organizations and researchers identify problems when modeling BPMN. Addressing a 

set of principles that help overcome some of the ambiguities of BPMN is helped by the development of 

these IT processes. 

The principles proposed in this research seek to help solve some of the problems of ambiguity and 

inconsistency related to the use of BPMN. These principles combine the method used in DEMO with 

principles of Enterprise Ontology and Enterprise Engineering. 
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For organizations and researchers, the use of these principles facilitates the definition of the context of 

the processes, that is, it facilitates the identification of the outcomes of each process.  

In addition, it is also easier see when a process begins and ends. There is a principle that helps to 

distinguish clearly when a pool or lane is to be modelled. Exists another principle that helps to define 

the pattern of activities that must be considered as well as the interaction flows that must exist. There is 

another defined principle that helps labelling the activities in BPMN models according to the name used 

in the DEMO. 

Finally, it was possible to validate that it is possible to link the methodology used in the DEMO to the 

modelling in BPMN, giving here opportunity to several types of approaches in future investigations.  

7.2. Limitations 
The limitations associated with this research are diverse. First, it was necessary to deal with the lack of 

bibliography that references methods for modeling business processes. Subsequently, the lack of 

references or a catalog of problems associated with BPMN made it difficult to analyze the problem in 

greater depth. 

There are also limitations about the proposed principles. When the principles are applied to a complex 

business case, it can result in large diagrams. 

Defined principles also do not help define the proper type of BPMN element for each case, except for 

multi-instance activities. With this, it is simpler implement process logit, but more complex the definition 

of BPMN syntax. 

Finally, considering that the principles are based in DEMO framework, unfamiliarity of this framework 

can make the interpretation and use of principles a complex and strange activity.  

7.3. Communication 
The last step of the DSRM is related to the communication and dissemination of the solution found for 

the problem identified as well as the results achieved. This document is part of the communication step, 

also a paper was submitted in order to communicate the research results and conclusions to BPMN and 

DEMO communities. 

7.4. Future Work 
There are three guidelines for future work. The first is related to the definition of new principles to improve 

the usage of BPMN notation of the diagrams produced when using the principles described in this 

research. 
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The second option concerns DEMO. With this investigation, it was noticed that the DEMO is not very 

clear to define the follow-up of the processes after an activity of promise or decline. In this sense, it 

would be interesting to provide DEMO with a treatment of outcomes for these two types of activities. 

Finally, considering the layout of the diagrams, it would also be interesting to align the principles defined 

with the recommended metrics for the size of the models created. 
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