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Abstract. In recent years the problems related to modeling and improving
business processes have been of growing interest. Indeed, companies are
realizing the undeniable impact of a better understanding and management of
business processes (BP) on the effectiveness, consistency, and transparency of
their business operations.In this paper we propose to support this modeling
effort with an approach that uses domain knowledge to improve the semantic
quality of BP models. This approach relies on domain ontologies as a mean to
capture domain knowledge and on meta-modeling techniques. The main
contribution of this paper is threefold: 1) the meta-models describing both a
domain ontology and a BP model are described, 2) the alignment between the
concepts of both meta-models is defined and illustrated, 3) a set of OCL
mapping rules is provided. A simple case study illustrates the process.
Keywords: Domain knowledge, Domain ontology, Semantic quality, Business
process modeling, Quality improvement.

1 Introduction

. Business Process models are conceptual models supposed to give a complete
description of the underlying business processes.This tuning requires a better
understanding and an effective management of BP. BP modeling is difficult, it is an
expert task that needs to be performed by trained experts. And, what about quality?
Quality can be defined as the total of properties and characteristics of a product or
service that are relevant for satisfying specific and obvious requirements [1]. The
business process modeling approaches share many similarities with conceptual
modeling activities, but are much more complex [2].

We propose to assist the modeling activity with a quality centered approach that
aims to exploit the domain knowledge. The domain knowledge in Information
Systems discipline refers to knowledge provided by both methods and application
domain [24]. In our approach we propose to exploit domain ontologies knowledge
with alignment rules to identify similarities between BP models and domain
ontologies elements. The aim is to improve the semantic completeness and
expressiveness of BP models according to domain knowledge contained in the
ontologies.



This paper is organized as follows. State of the art is described briefly in Section 2.
The overall approach of our semantic is broadly described in the third section. The
meta-models structuring both BP models and domain ontologies are described in
detail in Section 4. Section 5 is dedicated to alignment rules. Finally Section 6
concludes and describes future research.

2 State of the art

A Business Process (BP) is a set of related activities that transform an input to create
an output with added values [3]. Experts in information systems and professionals
agree that the success of a company depends particularly of a good understanding of
business processes [4]. To make a business process model understandable, reliable,
and reusable it is important to ensure its quality. Several approaches that work in this
direction exist in the literature. We have classified them into three categories:

1. Approaches focused on improving BP methods of analysis and design:
improving the process development improves the quality of products. we can
mention [5] where the authors propose a set of guides to improve clarity,
comprehensibility. Other authors focus on improving the comprehensibility
of models [6].

2. Process quality measurement: considers the quality level of business
processes and their execution. We categorize the research on simulation and
control of process as in [8]. In [9], the authors present and discuss several
techniques for the analysis of processes during execution such as
verification.

3. Process model quality measurement: Our focus is in this category that
addresses the quality from the point of view of its evaluation and
improvement. In [10], the authors mention the most important five measures:
coupling, cohesion, complexity, modularity, and finally the size. [11]
propose an approach based on GQM method (Goal-Question-Metric). One of
the characteristics that has been the subject of several proposals is the
complexity [13, 22]. However, these studies are based primarily on structural
characteristics of processes and their models.

In conclusion, our analysis of the state of the art leads us to argue that the quality
of BP model is mainly addressed in terms of structural and syntactic and rarely in
terms of semantics. In the remainder of this paper, we present our approach which
aims to go a step forward into a semantic quality based approach of BP model.

3 The overall approach for semantic quality improvement

Modeling activity in general and BP modeling in particular are creative activities
conducted by modelers using a given notation or modeling language. The result is of
course highly dependent on the modeler experience in the notation practice, on his/her
interpretation of the reality. This explains the fact that several correct but different



models can usually be generated from the same reality. However, these models are
supposed to be faithful representations of the reality. Thus the definition of quality
requirements for these models is, in fact, a mean to evaluate this modeling activity
and ensure a better result. The semantic quality measures the degree of
correspondence between the model and the domain and it is related to both
completeness and validity of the models; here the BP models [16].

To improve the quality of models produced, several approaches are possible:
assistance in the development process phase by generic methodological guides from
experience, measurement of the specifications quality, reusing approved
specifications fragments etc. In this paper, we propose to exploit knowledge of field,
which are supposed to reflect the knowledge shared by a community of actors, in
order to improve the quality of process models.

Our approach relies on the process having as input point the business process
model to be evaluated and a domain ontology representing business knowledge and
rules of the underlying problem domain.

The steps of the process are the following:

e Discovering similarities between input BP model and domain ontology: this is
based on a set of alignment rules at both syntactic and semantic levels.

¢ Evaluating semantic quality includes measuring a value of quality according to
quality metrics.

e Improving semantic quality: An originality of our work is to integrate the quality
improvement within the proposed approach.

1. Identifying Model-Ontology similarities: In the first step, the approach consists
in discovering the mappings between business process model elements and the
domain ontology elements. To make these alignment rules generic and independent
of both the BP modeling notation and the ontology implementation language, we
have defined two meta-models namely a BP meta-model and an ontology meta-
model presented in detail in Section 4. Once these similarities identified they serve
as input for both semantic quality evaluation and improvements activities. In this
paper we mainly focus on this alignment activity.

2. Evaluating Semantic Quality : Semantic quality expresses the degree of
correspondence between the information expressed within a model and the domain
that is modeled. In order to evaluate the semantic quality we have identified a set of
what we call quality deficiencies such as incompleteness and ambiguity. These
deficiencies result from modeling choices producing models that do not cover the
intended requirements or with low expressiveness. Such models lead to inadequate
systems due to incompleteness or to misunderstanding during their implementation.

3. Quality Improvement : The quality improvement activity consists in suggesting
to the analyst or the quality expert a set of improvement guidelines to improve the
quality of their models. Again, this step uses the domain knowledge to generate
improvement actions. This means that the completeness and even the relevance of
these guides rely partly on the quality of the domain ontology but this aspect is out
of the scope of our approach.



This article focuses on discovering similarities between BP models and domain
ontologies. We will however provide some examples of improvements without
detailing the mechanism leading to generate them in Section 5, dedicated to the
illustration of the approach.

4 Ontology and process model meta-models.

In order to identify similarities between knowledge contained in the ontology and the
one represented by the BP model, our approach relies on alignment. To ensure the
generality of these rules, we have chosen to define them at a meta-modeling level.
Hence, the first contribution is the construction of meta-models representing
ontologies and BP models.

4.1 Business Process Meta-model

The meta-model provides a synthetic vision of concepts used independently of
specific notations helping in the understandability of models. And since we consider
that domain knowledge contains also knowledge embedded in methods and
consequently in notations, we will use meta-models to integrate completeness,
validation and correctness rules defined by BP notations to enrich our actual vision of
domain knowledge.

The meta-model defined in this section was constructed as a synthesis of a selection
of concepts proposed by several authors and according to several notations and more
specifically the work presented in [17, 18].

A business process model is composed of flows of objects and connectors. A flow
object can be an event, an activity or a gateway [19]. An event that occurs is a fact
and impacts the progress of a process. An activity can be an atomic task if it is not
decomposable or a process if it is complex and has a visible structure. A gateway is a
mechanism that can manage the convergence or divergence of activities flow. A
connecting element can be an association, a simple link between two concepts. A
sequence which defines an execution order of activities. And a message flow which is
used to represent exchange of information between two participants in the process.

Activities refer to resources. A resource is a concept which includes abstract
concepts such as the human agent responsible for execution of the activity and
information produced or consumed by it. The exact role of the resource in the process
is explained by the concept of role. Figure 1 shows an example of BP model from a
"Mission order" case study. The example uses the Eriksson and Penker notation for
Business process modeling [17].

4.2  Ontology Meta-model

The ontology meta-model allows representing domain ontologies using the same
concepts independently of the language for their implementation. In our approach, we
consider an ontology as a set of classes and relationships. This vision is largely



adopted. We distinguish between three types of concepts of type class: actor, action
and artifact.

- An actor is an independent entity, able to perform actions.

- An action represents the execution of an action.

- An artifact is an inanimate object incapable of performing an action. An artifact may
represent an information or an abstract concept.

However, most of meta-models take into account two kinds of relationships, namely
inheritance and structural relationships. For the needs of our approach we adapted the
classification of relationships proposed by [22]. This classification offers several
types of relationships allowing us to characterize precisely the nature of links between
concepts.

Relations are first decomposed into three categories:

- Status: represents relationships that may be structural (inheritance, instantiation),
influence (control, creation, destroy), or temporal (follow, precede).

- Change of status: reveals the occurrence of remarkable events.

- Interaction: represents short-term relationships between entities. Several semantic
relations are defined for interactions such as communication, observation, execution,
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Fig. 1 Instantiation of the BPM meta model and of the Ontology meta-model

Figure 1 shows an example of a domain ontology. This is an extract from the
ontology "mission plan".

5 Mapping Process Model and Ontology Meta-Models

Thanks to the precise categorization of concepts in both ontology and process
model meta-models we are likely able to predefine some concepts correspondences
allowing the mapping of the domain ontology concepts with the PM concepts.




We have defined two kinds of mapping, namely type-based mapping and
semantics-based mapping.

5.1 Type-based Mapping Rules

This mapping involves the types of concepts in order to establish correspondences
between the concepts at the meta-level. These correspondences allow reconciliation
based on the types of concepts independently of their meaning. These rules are still
essential to avoid typing errors. An extract of predefined meta-model concepts
mappings is given in Table 1.

Table 1. Concept alignement Table 2. Relation alignement

BP model Domain Ontology BP model meta- Domain Ontology meta-
meta-model concept meta-model concept model connectors | model relations

People resource Actor Sequence Flow Temporal

Abstract resource Abstract Message Flow Communication, Transfer
Information resource Knowledge Role Execution, Manipulation,
Process / activity Action Observation, Influence

Similarly, we have established mappings between meta-model relations of BPM
and those of the ontology meta-model. The result is given in Table 2.

The second type of mapping, presented in the following section, is richer, being
based on the semantics of concepts.

5.2  Semantics based Mapping Rules

Based on meta-models presented above, we developed a set of matching rules,
allowing the mapping of the ontology field with the concepts of process models.
These rules are written in Object Constraint Language (OCL) (OMG, 2010).

There are four classes of matching rules. The rules are all defined as functions
having as input one or several BP model concepts and returning one or several
concepts from the domain ontology.

* Equivalence: returns the ontology concept which is syntactically equivalent (they
have the same names) to the BP model concept.

* Synonymy: returns a set of ontology concepts that are synonyms of the BP
model concept. The synonymy value is calculated by comparing the existence of
common names or synonyms based on Wordnet [25].

* More general: returns the ontology concepts having a superiority relationship
(also called hyperonymy or IS-A relationship) with a concept from the ontology
already detected as synonym or equivalent to the BP model concept.

* More Specific: returns the ontology concepts having an inferiority relationship
with a concept from the ontology detected as synonym or equivalent to the BP model
concept.

These classes of rules are instantiated for each of the concepts of the BP meta-
model. For each class, an example is given below.



5.3  Application to the example

To illustrate the alignment activity of our approach, we consider the example of
"mission order" process. The input is the business process model under construction
represented at Figure 1 and an excerpt from the domain ontology "mission plan".

As mentioned above, all the semantic rules are based on type mapping rules i.e.
equivalence is between concepts that are not only syntactically equivalent but also
type mapped.

Equivalence rules on the actor "financial service" are not fired since the concepts
from the ontology do not have the same names as concepts from the BP model of the
example. Also we can catch the actions synonym of the process "formalities
management" by applying the synonymy rule: synonym(carry out mission
formalities) returns “formalities management” and synonym(employee) returns {staff,
internal staff, external staff, missionary, secretary}. By querying the ontology and
firing the semantic/type mapping rules, we can map the ontology concepts to the
BPM concepts. Thus we elicit the equivalent, synonyms, different abstraction levels
of concepts. But finally, it's up to the analyst to validate these mappings.

The step forward builds on these mappings to detect and correct quality defects.
For example the ontology provides several kinds of costs such as “car rental costs” or
the distinction between “train” and “flight” tickets that are not considered within the
process in hand. This could express an incompleteness of the BP model that could be
corrected by replacing “ticket” by “travel costs tickets” if the BP is the same for all
the travel costs or it can be redesigned if not. Another enrichment that could be
provided thanks to the ontology is the distinction between internal and external staff
for which the reimbursement process can be different.

6 Conclusion

The quality of business process models is a hot topic both for researchers and
practitioners. Many studies demonstrated that the quality of produced models depends
highly on the degree of expertise of the modelers. Moreover, modeling activities are
practiced by a significant number of non experts including IT professionals. One of
the reasons impacting the quality of produced models is the lack of domain
knowledge covering both knowledge about the methods and notations used as well as
application domain knowledge. In this paper, we tried to propose a solution aiming to
exploit application domain knowledge in the improvement of BP models. Our
approach considers domain ontologies that are produced in several disciplines (web
services, health care, administrative processes etc.) to improve the semantic quality of
BP models.

We have defined BP model and ontology meta-models in order to provide a
uniform description of both process models and domain ontologies. We have then
defined an alignment process using both type-based and semantics-based mappings to
detect similarities between concepts from the BP models and the domain ontologies.
The results serve as an input for the semantic quality evaluation and improvement
processes.



As regards the alignment process, the future research aims to validate the approach
on real case studies based on domain ontologies widely agreed and accepted by
practitioners and/or researchers. The rules need also to be completed to cover all the
kinds of concepts and relationships semantics. To help in achieving these objectives,
we are currently developing a prototype for the definition and execution of mapping
rules.
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