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Abstract – The paper deals with the value modelling of 
business processes using the REA ontology. This ontology, which 
has its roots in accounting systems, provides a comprehensive 
framework to business process modelling. The REA ontology is 
focused on modelling values of resources of business processes. A 
business process model, which uses this ontology, introduces two 
levels of abstraction - the operational level and the policy level. 
That fact allows a greater range of possibilities of usage 
compared to standard modelling methods. The paper describes 
the use of domain-specific modelling to create a modelling tool 
based on the REA ontology. This approach allows creating a tool 
that uses specific properties of the ontology to ensure validation 
of the model and automatic source code generation.  

 

Keywords - REA ontology; DSM; DSL; value modelling; visual 
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INTRODUCTION 

Business process modelling is a challenging and essential 
discipline for business management. The business process 
modellers place great emphasis on the descriptive mechanism 
of business processes, which must be able to handle all 
demands that they made on it and it must be also user-friendly 
and it must be based on the modelling problem domain. 
Equally as important is to have a tool that integrates this 
mechanism and provides a basic environment to help create a 
model. The created model is not beneficial by itself and may 
act counterproductively if contains some mistakes. The basic 
requirement of the tool is to lead the modeller, check him and 
help him. The model itself can only represent reality. The 
modelling tool is often required to do more such as to give 
developers some feedback either in the form of reports, 
statistics, analyzes or usable source code. We cannot assume 
that the modeller has a deeper knowledge of programming or 
economic mathematics and statistics. All these requirements 
for the modelling tool practically reflect the characteristics of 
domain-specific modelling. 

Choosing of the ontology for describing business processes 
is also important. Nowadays the modellers have a wide range 
of different ontologies to build a model, but most of them have 
imperfections due to the use of general concepts for modelling.  
Therefore they are not able to answer the question why the 
business activity is performed. From this perspective, it is 
preferable to use a value modelling that, unlike other modelling 
principles, focuses on modelling of the value of economic 

resources. The best-known representative of the value 
modelling is the REA ontology. 

Currently, there are two similar projects that combine 
domain-specific modelling with the ontology REA - The REA-
DSL [11] and REA Policy Modelling [9]. The first one is 
limited only to operational (basic) level of the ontology and 
uses its own notation. The usage of this tool is very limited in 
the practice. The second tool is focused on the policy level of 
the REA value model and provides, besides basic validation of 
the model, the set of validation attributes in the form of 
propositional calculus. This approach makes working with the 
model very confusing. Practical use of the tool is also limited 
by the absence of automation functions. For these reasons there 
was an effort to create a tool that eliminates discussed 
problems and that will be suitable for practical use. 

This paper explains how to create a domain-specific 
modelling tool for business processes modelling described by 
the REA ontology. The first part of the paper discusses the 
domain-specific modelling technology and the REA enterprise 
ontology. The second part is devoted to the creation of 
modelling tool itself from the initial identification of domain 
concepts and rules to creating a metamodel and its 
transformations into the domain language of the modelling 
tool. 

I. DOMAIN-SPECIFIC MODELLING 

Domain-specific modelling (DSM) is a software 
engineering methodology narrowly focused on one particular 
specific domain. Narrow focus allows working with domain 
terms including their meaning. Domain-specific language 
(DSL) is created based on the domain terms. DSL contains the 
domain syntax and the semantics. 

Basic advantages can be divided into several categories [3]: 

• Productivity - Easier and more efficient application 
development leads to higher productivity within a 
single domain. The productivity gain is often in 
hundreds of percent. 

• Quality - Improving the quality is given by the model 
validation and verification, which prevents to create 
inconsistent or illogical links. By using domain 
concepts it also eliminates the need of mapping 
domain concepts to different modelling language, 
which is a frequent source of errors. Finally full code 
generation guarantees the absence of implementation 
errors. 
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• Expertise requirements - 2 groups of people 
participates on the development of applications using 
DSM. The first group consists of domain experts, and 
their task is to create a modelling tool using DSM 
techniques. In the second group there are the users of 
this tool, which creates models and from them it is 
subsequently generated the final application. These 
users need only knowledge of the domain to develop 
applications. 

DSM architecture has three layers:  

• Language (DSL) - According to [3] DSL is a 
computer programming language of limited 
expressiveness focused to a specific domain. Domain 
concepts are mapped to objects modelling language, 
or as an object property, object links, sub-models or 
models of the other language. 

• Generator - converts the generated model to a 
specific syntax. The output of the generator is not 
necessarily the source code, but it can be tests, 
documentation, metrics, or for example prototyping. 

• Domain framework - forms a layer between the 
generated code and existing code in the target 
environment and reduces the complexity of the code. 
The other areas of its use include the elimination of 
duplicity from generated code, providing an interface 
for the generator, integration with existing code, or 
hiding the target environment. 

The basic concept of the DSM is to focus on a fixed 
domain. That defines the language and model behaviour of that 
domain. In the case of fixed domain the DSM achieves 
incomparably better results compared to other modelling 
approaches, especially in the productivity and simplicity of 
development. However, if the domain is not fixed, or the 
changes are expected, the DSM loses its advantages. In this 
case, it is comparable or even it has significantly worse results 
than other modelling approaches. 

II. VALUE MODELLING OF BUSINESS PROCESES 

The essence of the value modelling of business processes is 
to monitor the value of economic resources and their property. 
An economic resource is the thing or the service that is lacking 
and has benefits to economic agents. This modelling approach 
is based on the use of specific concepts, unlike other modelling 
methods (e.g. IDEF0 [2]), that use general concepts [8]. The 
best known representative of the value modelling is the REA 
ontology. 

The term business process can be defined differently 
depending on areas where the term is used. For example, V. 
Řepa [10] defined it as follows: The business process is a set of 
activities transforming a summary of inputs into a summary of 
outputs, which the company performs in order to fulfil business 
objectives. In other words, the business process is the sequence 
of steps that creates products and services by transformation of 
inputs into outputs. It is important to say that each process must 
have its owner and fixed boundaries. 

A. The REA Ontology 

In order to explain the term of the REA ontology, it is 
necessary to explain the term ontology itself. According to 
[Gru93] ontology is an explicit specialization of 
conceptualization. Specialization is a study of things that exist 
or may exist in a particular domain. Conceptualization is the 
abstraction and the simplified view of the world. Specialization 
means a formal and declarative representation [4]. 

The REA ontology (REA means Resource, Event, Agent) is 
a concept for creating design of business infrastructure based 
on ownership and its exchange. It is based on the concept of 
economic exchanges, increasing the enterprise value. 

B. Levels distribution of the REA ontology 

Depending on the level of abstraction the REA ontology 
can be divided into four levels [1]: 

• Value System Level Model - This level represents the 
view of the resources that are exchanged between 
enterprises and external business partners. The high 
level of abstraction is used for alignment of business 
objectives and strategies [12]. 

• Value Chain Level Model -Illustrates interconnection 
of business processes with a focus to monitoring 
resource flows. The value chain is used primarily to 
diagnose competitiveness of an enterprise because it 
offers an overall view of the chain of processes. 

• REA Model Level - Describes individual business 
processes and it is the most important level of the 
REA ontology, because here are modelled most 
important information relating to the company. This 
level answers to the question of why the process is 
carried out. The value model of business process 
shows particular changes in the value of resources 
that are based on the concepts of economic 
exchanges and conversions increasing the value of 
the company. 

• Task level - Describes steps to fulfil events. Defines 
the lowest level of abstraction, contains the code 
concepts and therefore is implementation-dependent. 

The REA model level is divided according to functionality 
into two groups [7]: 

• Operational level - Forms the basic structure of the 
model. Describes events that have already happened. 
Basic concepts of operating levels are resource, event 
and agent and semantic abstractions increasing the 
value of the company - the exchange and the 
conversion. 

• Policy level – Illustrates what could, should or 
shouldn't happen. It contains concepts and semantic 
abstraction defining rules, schedules, contracts and 
other extensions of the model such as grouping, 
typing, or commitments. 
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C. Use of the REA ontology 

Traditional approaches to business process modelling using 
general concepts are not recommended because of a low 
concreteness of the models. Such a model is not able to provide 
the checking of economic errors and automation. Unlike these 
approaches the REA ontology uses specific concepts, which 
increases the amount of model information preserving the 
simplicity of the model. 

The REA ontology contains internal rules for the 
verification of the consistency of the model and thereby it 
prevents creation of incorrect links. The result of this 
consistency verification is the model that has all relations 
properly declared and connected and answers the question why 
a business activity is carried out, and therefore why economic 
events occur. This is a significant difference and big advantage 
of the REA ontology compared to other solutions offered by 
traditional approaches. 

Another feature of the REA ontology is the simplicity and 
clarity of models for ordinary users, who will work with it. On 
the other hand, the ontology is sufficiently accurate to be able 
to automate the process modelling. 

Another major advantage of the REA ontology is that the 
model has an independent order of occurring of the economic 
events. The model is able to record everything that actually 
happens, and it is not limited to the sequence of events 
(scenario) defined at the time of design. Another advantage is 
the independence of the model in relation to technical aspects 
of the transfer of resources. Therefore it is not necessary to 
change the model in case of changing the technical 
infrastructure and due to the strict rules of the REA ontology 
the integrity and consistency of the model is ensured [7]. 

Folding individual business processes when the outputs of 
one process are linked into the inputs of the other processes 
creates a value chain. This represents a cyclic net of processes. 
The processes exchange the value and thus directly or 
indirectly contribute to the formation of desirable 
characteristics of the final product or service. They can be 
subsequently exchanged with other economic agents for a 
resource that has greater value for the company. The value 
chain helps to identify economic resources within an enterprise 
and provides an overview to business processes of the 
company. 

III. IDENTIFICATION OF KEY ELEMENTS OF THE REA 

ENTERPRISE ONTOLOGY 

The first step in creating a design of modelling tool is a 
basic structure that behaves as the descriptive apparatus and 
describes the general principles of the REA value model. First 
it is necessary to identify individual concepts and relationships 
within the structural division of the REA model level and 
specify rules for their behaviour. These findings should lead to 
the creation of the most important part of the modelling tool - 
the metamodel. Metamodel clearly specifies and defines 
models created by the tool and ensures their basic validation. 

 

A. Concepts of the operational level of the REA model level 

Basic operational level of the REA model level contains 3 
concepts [7]: 

• Economic resource – Basic economical company 
resource that company wants to plan, monitor and 
control. Examples of economic resources are 
products, services, money, raw materials, tools, etc. 

• Economic agent - An individual or some organization 
capable of having control over economic resources 
and able to receive or transmit further control of other 
agents. An example might be a customer, supplier, 
company, etc. 

• Economic event – Represents either increment or 
decrement in the value of economic resource. This 
transformation could be realized immediately or in a 
certain time period. Examples could be work unit, 
using of services, renting, etc. 

Following links and domain rules are defined between these 
concepts [13]: 

• Stack flow (Inflow/ Outflow) - Connects economic 
resource and economic event 

o There must be at least one economic event 
for every economic resource. 

o There must be at least one economic 
resource for every economic event. 

• Participate (Provide/ Receive) – Connects economic 
agent and economic event 

o Every event requires the participation of two 
agents, one in the role of the recipient and 
the second as a provider. 

o Every agent must be connected with an 
incremental event by the Receive link and 
with a decrement event by the Provide link. 

• Duality - Connects an incremental and a decrement 
economic event 

o Every incremental event must be linked to at 
least one decrement event through Duality 
entity. 

o Every decrement event must be linked to at 
least one incremental event through Duality 
entity. 

 

B. Semantic abstraction  and concepts of the policy level of 

the REA model level 

The limited range of this paper does not allow dealing with 
all concepts of the policy level. For this reason, we have to 
focus on processing basic and most frequently used concepts of 
the REA model level, namely semantic abstractions typing and 
group and resource management concepts - a contract, 
schedule and commitment. 

• Typification  - It is a homogeneous collection whose 
elements have the same characteristics defined by the 
type. Typification is an abstraction of a group of 
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objects into a certain category forming bond "is a-
kind-of" It is used to capture the description of the 
concept applied to a set of objects [5]. 

• Group - Is a structural element of the REA model 
level designed for creating heterogeneous collections 
or sets of REA entities. This is a special form of 
aggregation that forms a bond "is a-member-of" [5]. 
The group itself is not limited to operating level 
entities, but virtually any entity of the REA model 
level including other groups with which, however, 
forms intransitive dependence. 

• Commitment - Promise or obligation to perform an 
economic event in a specific time. For this reason, 
parameters should contain the scheduled date and 
planned value. An example can be ordering goods, 
where one party agrees to provide chosen goods and 
the other party agrees to provide the required amount. 

• Contract/Schedule - Is a set of obligations and rules 
that define conditions of performing the duality in the 
future and events performed if initial commitments 
are unfulfilled. 

Between these concepts following links and domain rules 
are defined: 

• Typification - Connects resource/event/agent type 
with corresponding concept of operational level 

o Every entity type must be linked with just 
one entity it represents. 

• Fulfillment - Connects commitment and economic 
event 

o Every incremental commitment must be 
linked to incremental economic event.  

o Every decrement commitment must be 
linked to decrement event.  

• Specification - Connects commitment and agent (or 
agent type) 

o Every commitment must specify the agent or 
the agent type who is responsible for it. 

• Reciprocity - Connects incremental and decrement 
commitment 

o Every decrement commitment must be 
linked with at least one incremental 
commitment. 

o Every incremental commitment must be 
linked with at least one decrement 
commitment. 

• Party - Connects contract/schedule and economic 
agent or agent type 

Each contract/schedule must declare two 
parties (Agents or Agent types). 

• Clause - Connects commitment with contract or 
schedule.  

o Every contract must contain decrement and 
incremental commitment.  

o Every commitment must be declared by 
some contract or schedule. 

• Reservation - Connects commitment and economic 
resource or resource type 

o Every commitment has to reserve at least 
one type of resource. 

• Group - Connects group with any entity of the model 
o It has no restrictions. 

Fig 1 illustrates an example of the model structure 
presenting basic concepts, semantic abstractions and links 
between them. For better clarity the model is divided into the 
operational level and the policy level. 

 

Fig. 1.   An example of the general structure of business process 
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IV. METAMODEL OF THE REA MODEL LEVEL 

The core of the REA ontology is the REA model level. In 
order to create a domain-specific language that will provide a 
validation of the model, it is necessary to identify elements and 
their relations in the model and on this basis create the 
metamodel.  

According to [6] the metamodel is a model that is used for 
formal specification of other models. 

The creation of the metamodel is carried by analogous way 
as the formation of the model itself. Individual model elements 
are sequentially added to the metamodel and subsequently 
interconnected by specific links that correspond to possible 
connection in the model. The multiplicity based on domain 
rules is determined for these links. It is a way to capture the 
behaviour of the model, its elements and links in the 
metamodel and to ensure the validation of the model. By 
successive steps there were added individual concepts into the 
metamodel and based on previous analyzes were defined by 
their interactions and multiplicity. These steps have led to a 
metamodel shown in Fig. 2. Group links are not shown at the 
figure just for the clarity, because the group can connect with 
any model element (including itself). 

 

 

Fig. 2.  The metamodel of selected concepts and semantic abstractions of the 
REA model level 

 

V. DESIGN PROCESS OF THE VISUAL MODELLING TOOL 

The tool was created in a Visual Studio by Microsoft with 
the DSM Tools extension. This domain-specific development 
environment offers an excellent compromise between the 
availability, price and automation support. 

A.  Proposal of the DSL of the REA model level 

The creation of the DSL of the tool corresponds to the 
metamodel mentioned before. Individual concepts are replaced 
by domain classes. The highest class is a domain model. It has 
a composite link to REAElement, which is the super class of all 
REA model level concepts and specifies their basic structure 
and parameters. Between various elements of the metamodel 
there are created unique relations. DSL Tools, however creates 
only one-way links. For this reason links management is solved 
programmatically. This solution also provides an automatic 
determination of links. Every element of the model has an 
associated class with a visual representation of the element 
whose visual parts are connected to parameters of the domain 
class. After adjusting parameters related to properties of the 
tool (such as the structure of the toolbar), the tool can be started 
and in a limited way also used. 

Fig. 3 shows a fragment of the DSL with fundamental 
structural separation of elements. 

 
Fig. 3.  Part of the DSL 
 

B. Model validation 

Model validation is controlled by the validation framework. 
The validation logic can be any method that is registered in the 
framework. Individual domain rules are placed into appropriate 
classes according to way of use (validation of the link, element 
or model) using partial class technology. While any domain 
rule is broken, the user is alerted to the error by description of 
the problem as well as the reference to the problem element.  

INTERNATIONAL JOURNAL OF ECONOMICS AND STATISTICS 
DOI: 10.46300/9103.2021.9.14 Volume 9, 2021

Ε-ISSN: 2309-0685 94



 
 

The following code shows an example of the validation 
method ensuring domain rule "Every commitment has to 
reserve at least one resource or resource type". 

    

[ValidationState(ValidationState.Enabled)] 

public partial class Commitment 

{ 

  [ValidationMethod( 

ValidationCategories.Open | 

ValidationCategories.Save | 

ValidationCategories.Menu)] 

  private void  

ValidateConnectionWithResource(ValidationC

ontext context) 

{ 

  if (this.ResourceTypes.Count < 1 && 

this.Resources.Count < 1) 

  

context.LogError(ValidationResources.Commi

tmentMustConnectResourceType, "Reservation 

Link", this); 

  } 

} 

 

C. The code generation 

The code generator uses a template engine T4 (Text 
Template Transformation Toolkit), which is part of Visual 
Studio. This engine transforms the created template into usual 
class containing created methods and code fragments. 
Subsequently this class is compiled and executed and the 
output is the generated code. 

Created modelling tool generates the simulator of the 
resource flow in the value chain. It shows the flow between 
interconnected business processes in the chain. The code 
generation is performed automatically when a valid model is 
saved and the resulting code of the simulator is immediately 
after compilation executable and it doesn't need any necessary 
modifications. 

VI. COMPARISON OF EXISTING DSM TOOLS FOR THE REA 

ONTOLOGY MODELLING 

Created tool provides an integrated environment for 
creating models of the REA ontology, which provides 
validation of links, elements and the model as a whole. The 
tool allows creating models at both levels of an abstraction - 
the REA model level and the value chain level, and if 
necessary it can interconnect these models. At the value chain 
level the source code generator of the simulator of the flow of 
resources is integrated.  

Table 1 shows a comparison of created tool with similar 
existing tools. 

TABLE I.  COMPARISON TABLE 

  Created tool 

The 

REA-

DSL 

REA 

Policy 

modelling 

Automatic links 
determination 

Yes No No 

Links validation Yes Yes Yes 

Entity validation Yes Yes Yes 

Model validation Yes Yes Yes 

Code generation 

solved on 
higher 

abstraction 
level 

SQL C# classes 

Policy level 
support 

Yes No Yes 

CONCLUSION 

This paper described the procedure of creating the domain-
specific modelling tool from the initial analysis of domain, its 
elements and rules to the implementation of the solution. The 
proposal tool is fully capable compare to existing tool 
mentioned in the introduction. Moreover the proposal tool 
solves some issues discussed before. To create the tool we had 
to indentify the key elements, links and rules and create a 
metamodel. The metamodel itself becomes a foundation 
formalism to define a domain specific language. Domain rules 
are part of the metamodel as well. These rules are used to 
model validation. The result of combining REA ontology and 
DSM is the tool that is able to create valid models of the REA 
model level and in a higher level of abstraction generates 
simulations of the resources flow. 
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