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Abstract—Semantic Business Process Management (SBPM) 
utilises semantic technologies (e.g., ontology) to model and query 
process representations. There are times in which such models 
must be reconstructed from existing textual documentation. In 
this scenario the automated generation of ontological models 
would be preferable, however current methods and technology 
are still not capable of automatically generating accurate 
semantic process models from textual descriptions. This research 
attempts to automate the process as much as possible by 
proposing a method that drives the transformation through the 
joint use of a foundational ontology and lexico-semantic analysis. 
The method is presented, demonstrated and evaluated. The 
original dataset represents 150 business activities related to the 
procurement processes of a case study company. As the 
evaluation shows, the proposed method can accurately map the 
linguistic patterns of the process descriptions to semantic 
patterns of the foundational ontology to a high level of accuracy; 
however further research is required in order to reduce the level 
of human intervention, expand the method so as to recognise 
further patterns of the foundational ontology and develop a tool 
to assist the business process modeller in the semi-automated 
generation of process models. 

Keywords— business process modelling; foundational ontology; 
lexico-semantic analysis; ontology construction; perdurantism; 
BORO 

I.  INTRODUCTION 
Business Process Management (BPM) is a discipline that 

includes modelling, management, execution and analysis of 
business processes. With many tasks in the BPM lifecycle still 
manual and cumbersome to execute, Semantic Business 
Process Management (SBPM), or the adoption of semantic 
technologies in BPM, can help to improve and automate the 
lifecycle via semantically richer data representations and 
querying capabilities. While SBPMN offers promising 
prospects, organisations wishing to adopt such technologies 
would require an initial effort in mapping existing process 
representations to ontological models and maintain these 
models and the implemented data repository over time. In 
modern organisations this means managing an ever-increasing 
amount of data deriving, in most cases, from different sources 
including textual and graphical specifications. Moreover 
ontological expertise is required to carry out such re-
engineering. 

This paper presents a method for automatically generating 
ontological representations from the textual descriptions of 
business process maps; thus providing a way to potentially 
reduce the time and cost of carrying out the initial 
transformation required to produce business process 
ontologies from existing models and data representations.  

 Hepp and Roman [1] distinguish between three types of 
ontologies which they consider necessary for SBPM. These are 
process, organisational and domain-specific ontologies. 
Process ontologies primarily describe the structure of a process, 
while organisational ontologies describe the artefacts that are 
involved in process realisation. Domain ontologies contain 
information specific to each organisation.  In this paper we 
focus on the automated construction of process ontologies. 

A distinctive feature of the method proposed in this paper 
is its grounding in a foundational ontology used to drive the 
lexico-semantic analysis of the source models. The 
foundational ontology adopted is the Business Object 
Reference Ontology (BORO) [2]. This four-dimensional 
worldview allows for more accurate semantic representations 
of processes and their elements such as temporal whole-part 
relationships, typical when modelling processes.  An example 
of four-dimensional modelling in an enterprise environment 
can be seen in  [4]. 

In recent years, with a huge amount of available digital 
content, methodologies have been developed for automatically 
creating and populating ontologies from text sources. 
However, to the best of our knowledge, this is the first attempt 
at automatically discovering semantic models from textual 
descriptions by driving the lexico-semantic analysis with a 
foundational ontology.   

This paper presents an unsupervised method for 
constructing business process ontologies automatically from 
the available organisational data. The paper is structured as 
follows. Section II presents related work. Section III describes 
our dataset and Section IV and V present the algorithm for 
automating the creation of 4D business process ontologies. The 
final sections evaluate the algorithm and present findings and 
problems specific to our automated method. 
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II. RELATED WORK 
Ontology construction is normally carried out manually but 

in recent years automated approaches have emerged. Most of 
these approaches deal with raw text, but some also use other 
sources such as Wikipedia pages and HTML forms. This 
section summarises a few of these different approaches. More 
closely related to our work are those approaches that process 
semi-structured text (e.g., workflow descriptions). 

Manually developed general ontologies are still the most 
widely used type of ontologies [5, 6, 7]. The construction of 
such ontologies is a very expensive and time-consuming 
process. Moreover, the process of acquiring new knowledge is 
always needed and it requires ongoing work by human 
experts, even after the ontology has been released. In order to 
solve the problem of human workforce, some techniques 
propose a broader collaboration during the ontology 
construction process, as in the case of Semantic Wikipedia [8], 
where facts are created and incorporated into an ontology by 
many volunteers. 

As for automated approaches, Zhou [9] gives a typical 
scenario of an ontology learning process (which can either be 
manual or automated) and it consists of: creating concepts, 
creating relations, ontology population and ontology 
evaluation. Wiszniewski [10] introduces a metamodel for 
ontology learning from text and presents an extensive survey 
of ontology learning models. A review of the literature shows 
that three different approaches for extracting possible binary 
relations from text sources have been developed, each of them 
giving its primary focus to different features of the source text: 
collocations, syntactic dependencies or lexico-syntactic 
patterns. Many developed techniques are a combination of 
these approaches [11, 12, 13, 14, 15, 16].  We mention here 
that our approach uses syntactic dependencies. An interesting 
project is described in [17]. ConceptNet is a large semantic 
graph that describes general human knowledge and how it is 
expressed in natural language by collecting data from different 
sources. 

The approach described by De Nicola et al. [18] is the 
closest to ours in the sense that the authors deal with the 
specific domain of business processes. They describe the 
phases, steps, and intermediate outcomes of the UPON method 
(Unified Process for ONtology), designed in accordance with 
the software engineering UP method, aimed at guiding 
ontology engineers in the production of an effective and 
valuable domain ontology. The study presents findings on a 
case study from the e-business domain. While authors came up 
with a solid methodology for ontology construction in the 
business domain, all the work is done manually (especially the 
cumbersome process of storyboard analysis and vocabulary 
creation). Continuation of this work can be seen in [19] where 
the  ontology modelling framework is presented and aimed at 
supporting business experts in building an ontology. This work 
provides a limited number of high-level conceptual templates 
conceived along the lines of software design patterns. Those 
templates contain entities like actor, object and process (entities 
that we extract automatically using syntactic patterns). In [20] 

the authors describe the semantic extension of event-driven 
process chains. They specify the semantics of individual 
modelling elements by using labels in natural language. Using 
natural language makes this approach similar to ours but 
without the automatic generation of vocabulary. Our approach 
uses textual descriptions of workflows. There has been an 
increased interest in an analysis of business process patterns 
specifically in the form of workflows in the last few years due 
to the emergence of the service-oriented paradigm in which 
workflows are composed by orchestrating or choreographing 
Web services. van der Aalst et al. [21], for example, produced a 
set of workflow patterns. However, as Thom et al. [22] point 
out, these workflow patterns are relevant toward the 
implementation of workflow management systems rather than 
identifying business activities that a modeller can consider 
repeatedly in different process models. In fact the workflow 
patterns of van der Aalst et al. [21] are similar to patterns of 
reusable control structures (for example, sequence, choice and 
parallelism) rather than patterns of reusable business processes 
subject to automation (for example, the generic process of 
developing a new product line). As such these patterns do not 
resolve the problems of domain reuse in modelling 
organisational processes [23]. 

III. BORO FOUNDATIONAL ONTOLOGY 
As mentioned earlier, this research adopts a 4D 

foundational ontology called BORO [2]. The reason for 
adopting such an ontology is its suitability to modelling 
processes and the fact that a 4D theory of existence overcomes 
the traditional dichotomy between dynamic and static 
modelling, hence the same model can easily represent 
processes and things that are not traditionally considered as 
processes (e.g., people, products, machines, etc.) 

In BORO identity of individual objects (such as ‘the person 
John Smith’, ‘John’s car’ or ‘the manufacturing process 
currently running in our London plant’) is defined by the 
object’s spatiotemporal extension (or extent), i.e. the space 
and time that the object occupies in the universe. Therefore the 
whole of an individual object starts when the object is created 
(e.g., birth of a person or the start of a process) and ends when 
the object ceases to exist (e.g., death of a person or 
termination of a process). Change in the 4D paradigm is 
defined as the succession of dissimilar temporal parts; for 
example, a person would traverse phases such as childhood, 
teenagehood and adulthood; a specific process traverses so-
called activities. Each phase or activity in these examples is 
called a temporal part. In BORO there are two types of 
temporal parts: states, which have duration (for example, 
‘John’s childhood’ or ‘activityX of processY’), and events, 
which are instantaneous. Individual objects including states 
are bounded by a creation event (e.g., birth) and a dissolution 
event (e.g., death).  

The relationship between a whole and its temporal parts is 
called temporalPartOf. This relationship type has two 
subtypes specifically used for events; these are happensTo and 
happensAt. The former is specialised in creates and dissolves 
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Figure 5. Space-time map of 'invoice payment'. 
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VI. EVALUATION 
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Figure 9. RDF representation of business activity 
 

VII. CONCLUSION AND FUTURE WORK 
Although the construction of business ontologies by 
ontologists and domain experts will always be necessary due 
to the sensitivity of this kind of data on the business, we think 
that this cumbersome and time demanding process should not 
be completely manual. This paper is a step toward automating 
such a process. We developed a method capable of analysing 
workflow descriptions of business processes and their 
automatic transformation into a BORO-based ontology, by 
using various computer linguistic methods and openly 
available semantic resources. The created ontology elements 
were automatically transformed into RDF elements and stored 
into a semantic repository that allows us to query for 
interesting facts from a semantically rich model that describes 
the business processes. The developed method enables a more 
efficient production of the core parts of the ontology and 
providing the business ontologist with a more advanced 
starting point at the very least. Our method was designed to 
work with textual workflow data and the BORO ontology was 
chosen because it allows for more accurate semantic 
representations of socially constructed objects like processes, 
which are quite common to a business environment.  Since the 
method is intended to assist business analysts, we are currently 
working on a user-friendly tool that will visualise the data and 
models automatically extracted with the method. The tool 
would present business process elements in a BORO 
representation and enable analysts/ontologists to edit, change 
and finally store the new patterns into the semantic repository 
with an endpoint for querying the stored data. 
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