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Abstract—The scientific problem addressed in this paper  consists 
in modeling and improving Business Process (BP) models quality. 
This problem is of growing interest as companies are realizing 
the undeniable impact of a better understanding of business 
processes (BP) on the effectiveness, consistency and transparency 
of their business operations. The research aims at proposing 
methods and tools for BP model quality measurement and 
improvement. We propose a semantic approach of quality 
exploiting domain knowledge. 
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I.  INTRODUCTION TO RESEARCH TOPIC 

In recent years, the problems related to modeling and 
improving business processes has 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. BP modeling aims at a better 
understanding of processes, allowing deciders to improve them. 
We propose to support this modeling effort with a quality-
based approach combining both quality measurement and 
domain knowledge. The domain knowledge is structured using 
ontologies. This domain knowledge enables the definition of 
semantic quality metrics. It is also used during the quality 
improvement. 

II. SIGNIFICANT PROBLEMS IN THE FIELD AND THEIR 

CURRENT SOLUTIONS 

In order to make process models understandable, reliable 
and reusable there is a need to insure their quality. Several 
approaches to reach such an objective have been proposed. We 
have identified mainly three categories of contributions: 
quality-based method, process model quality measurement, and 
process quality measurement. 

We intend by quality-based methods all the approaches 
providing modeling guides and best practices in order to 
improve the quality of produced models. In [8] the authors 
provide guidelines to improve BP models characteristics such 
as correctness, understandability etc. In [12] the authors 
discussed the importance of documentation, activity labeling 
and icons for BP models understanding and acceptance. Other 
authors proposed a pattern based approach for quality 
assurance [22]. 

The second category refers to quality considerations at the 
process level. This is related to process simulation and process 
monitoring. [17] presents a set of simulation tools and their 
evaluation. The authors in [21] discussed several techniques for 
process verification, validation, and performance improvement. 

Our research focuses on quality measurement. Most of the 
articles proposing quality metrics for business process models 
mention the similarities between a software process and a 
business process. Basing on this hypothesis, they apply 
software metrics to evaluate business process models. [2] 
defines a set of metrics for the evaluation of BP conceptual 
models. These metrics provide the quantitative basis necessary 
to assess the maintainability of the process models. The 
potential of quality metrics in business process management is 
studied in [10, 11]. [13] describes a framework enabling the 
evaluation and comparison of enterprise models based on a 
syntactic, semantic, and pragmatic analysis. [20] investigate 
the importance of structuredness for process model correctness 
from an empirical perspective. They introduce the definitions 
of two metrics which quantify the structuredness degree of a 
process model and the unmatched connector count. [9] 
describes a quality metric permitting to analyze the complexity 
of workflow patterns from a log-based perspective. [1] 
proposes a comprehensive state-of-the-art on how existing 
software complexity metrics were adopted in order to analyze 
the current BP models complexity and also to propose a goal-
question-metric (GQM) framework for defining these metrics. 



Finally, [7] introduces the cross-connectivity metric that 
measures how tightly the nodes in a process model are 
connected. They used their metrics in explaining the 
variation of understanding and occurrence of errors in 
process models.  

In order to achieve a generic and flexible environment for 
software measurement, some authors propose a meta-model for 
the definition of software measurement models. A flexible 
method to measure any kind of software entity represented by 
its associated meta-model is proposed by [4]. In [18], authors 
discuss existing quality models before proposing a meta-model 
for specifying quality models in the context of model-driven 
engineering. 

Arguing on the lack of a sound consensus on the same 
concepts and vocabulary in different approaches, several 
authors present a semiformal ontology for software metrics and 
indicators, based as much as possible on the concepts of 
standards [16]. This can be useful to support different 
assurance processes, methods and tools in addition to be the 
foundation for a cataloguing web system.  

As a conclusion, business process model quality is a very 
active research topic. However, to the best of our knowledge, 
there is no framework allowing modelers to semantically 
improve their models guided by a quality approach. Our 
contribution is a step forward in this direction. In this paper, we 
propose to use a domain ontology to improve BP model 
semantic quality”. 

III.  OUR APPROACH AND ITS EXPECTED CONTRIBUTIONS 

In reply to the above evidences, we propose the following 
steps as our research roadmap: 

•  First, there exists several business process model 
notations and we aim to propose an approach that is 
notation independent. To reach this objective, we first 
started by defining a meta-model for business process 
models. This is a result of federating existing work on 
business process modeling (see Section A for details).  

•  As we have to reason about domain ontologies, we also 
defined a meta-model for ontology concepts taking into 
account the needs of our quality approach (see Section 
A). 

•  Our objective is to propose a detailed approach 
supporting business process modeling with quality 
based guides. An overall view of the approach is 
proposed  in Section B. 

•  To validate the feasibility of the approach it will be 
implemented through a prototype including an 
interface with main commercial business process 
modeling tools. 

•  Finally we plan to validate the quality metrics, the 
quality improvement guide and the approach by the 
means of surveys and empirical validation. 

A. Definition of meta-models  

Our approach relies on two categories of knowledge. The 
first one is contained in the process models for which we 
provide quality evaluation method. The second one represents 
the domain. Itis considered in our approach as a source for both 
quality evaluation and improvement. To do so, we need to 
reason in general about both process models and domain 
knowledge represented in our approach by domain ontologies. 
The first result of the thesis work is the construction of a 
process model meta-model and an ontology meta-model. 

An extract from the two meta-models is sketched in Figures 
1 and 2. These meta-models are the result of a federation effort 
of existing literature. A business process model is composed of 
flow objects, artifacts and connecting elements. A flow object 
could be a gateway, an event or an activity [15]. An activity 
can be atomic (task) or non atomic (process). A task is defined 
as a minimal traceable work that can not be broken down.A 
connecting element could be an association, a sequence or a 
message flow. Activities require resources that can be 
information or things [5]. Thing could be physical, 
corresponding to physical concepts or peopleResource 
representing human beings responsible of activity performance 
or owning the process, etc. 
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Figure 1.  Business process meta-model 

An ontology is composed of classes and relationships. For 
the class definition, we use [19] classification of entities into 
actor, action and artefact. The relationships are based on a 
classification adapted from [6]. We consider three categories of 
relationships namely: 

� Status relationships describe durable states induced by 
events. They correspond to structural relationships such as 
IS-A, part of, member, etc. 

� Interaction relationships capture communications among 
objects. 

� Change in status relationships describe the transition life 
cycles. Examples from this category are intention to do an 
action or attempt to perform an action, etc. 
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Figure 2.  Ontology process meta-model 

B. The overall quality approach 

Modeling activity in general and business processes modeling 
in particular area creative activity conducted by a modeler 
with the help of a given notation or modeling language. The 
result is of course highly dependent on the modeler expertise 
in the notation practice, on his/her interpretation of the reality, 
and on the decision he/she makes regarding the choice of 
concepts and details to be modeled. However, this model is 
supposed to be a faithful representation of the reality. Thus the 
definition of quality requirements for these models is a mean 
to evaluate this modeling activity and to ensure a better result. 
Many quality factors may be defined to characterize this 
quality. In our approach, we propose to measure the semantic 
quality of BP models. The semantic quality is related to both 
the expressiveness of the models and to the ease with which 
they could be understood regarding the requirements or the 
domain.  
The 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: 

•  .Discovering similarities between input BP model and 
domain ontology: this is based on a set of alignment 
rules at both syntactic and semantic levels. Syntactic 
alignment uses a set of predefined alignment rules such 
as the fact that an ‘actor’ from an ontology is to be 
compared to a ‘people resource’ from the BP model. 
At the semantics level we use similarity measures 
based on synonymy, homonymy, etc. relationships. 

•  Evaluating semantic quality includes measuring a 
value of quality according to quality metrics. Most of 
the proposals in the literature concentrate on structural 
quality. We have started defining some semantic 
quality metrics such as semantic clarity and semantic 
completeness. 

•  Improving semantic quality: An originality of our work 
is to integrate the quality improvement within the 
proposed approach. Again for this step, we plan to use 
the knowledge provided by the domain ontology to 
improve the model quality according to the results of 
quality evaluation. 

For both similarity discovery and improvement steps, we 
have started expressing the rules in a formal language. 

In order to evaluate the semantic quality, many quality 
attributes could be identified. We started working on the 
expressiveness of models. A model is said to be expressive 
when it represents user’s requirements in a natural way [23]. 
We first identified a set of what we call expressiveness defects. 
These defects correspond to modeling choices that could 
decrease the expressiveness of models leading to errors in their 
interpretation and further their implementation. 

Ambiguity defect: aims to avoid interpretation errors. 
Ambiguity occurs when several modeling elements 
encountered in the model are identified as being synonyms 
according to the ontology.  

Abstraction defect: aims to use the suitable level of 
generality. Indeed, in some cases, using general concepts 
instead of specific and precise ones can decrease the efficiency 
of the processes. On the contrary, using very specialized terms 
may decrease the understandability of the models. The relevant 
choice of an abstraction level depends on several factors among 
which we can mention the nature of audience (developers or 
users), the objective of the model (explanation or 
implementation), etc. 

Incompleteness defect: occurs when a concept is complex 
and only a subset of its components is represented in the model. 
The partial coverage of the components could be related to an 
incomplete description of the application domain. 

The set of defined defects permits to suspect some quality 
problems that need to be confirmed by the quality 
expert/analyst. For example, according to the domain ontology, 
and considering the model fragment provided, we could 
suspect an abstraction defect regarding the terms “medical 
team”. The usage of a very general term instead of specific 
terms such as “nurse”, “emergency practitioner” or 
“cardiologist” could decrease the efficiency of the modeled 
process. 

These defects are used by very simple quality metrics in the 
current version. They only compute the number of suspected 
defects for each category. 

Here are two examples of metrics to measure the quality of 
models according to the identified defects: 

Semantic ambiguity metric: Number of 
concepts from the ontology considered as 
synonyms according to the synonymy rule 

Incompleteness metrics: the ratio of domain 
ontology concepts (upper concepts) having no 
corresponding concepts in the process model 
according to equivalence or synonymy rules. 

The detection of defects relies on discovering similarities 
between elements of the process model and concepts of the 
domain ontology. As an illustration, we describe two examples 
of OCL synonymy functions. The synonym_a_p function 
verifies whether a resource of type people  (from the process 
model) has a synonymy closeness with a class of type actor 
from the domain ontology. The synonymy closeness here is 
computed by comparing the existence of common names 
and/or common synonyms using Wordnet. 



Synonym_a_p(a: Actor, p: PeopleRessource) 
:Boolean 
post: 
if (a.synonym-> exists (b:Actor | 
p.name=b.name OR a.name = p.name)) then 
result= true else result =false  
endif 

 
The second function synonyms_p returns a set of concepts (of 
type actor) from the ontology considered as synonyms of a 
concept (of type people resource)  
 

Synonyms_p(People p): Set(Actor)  
For each a in Actor 
  if(synonym_a_p(a,p)) 

   then add ( syn, a) , 
return syn 

  endif  
 
Once the defects detected and the value of quality 

computed, our approach proposes a set of guides to improve 
the quality of the BP models. 

The quality improvement activity provides the analyst or 
the quality expert with a set of improvement guidelines to 
correct the defects. Here are some examples of quality 
improvement guides: 

Correcting ambiguity defects: consists in replacing the 
confirmed similarities in the model by a unique concept name. 
Once again, the ontology helps by providing the list of 
synonyms. The analyst only has to choose among them the 
suitable term. 

Correcting abstraction defects: according to the situation in 
hand, concepts could be replaced by a more generic one if more 
generality is needed. However, if more detailed descriptions are 
needed, the general concept in the model is replaced by more 
specific ones as we can see in the following example. In both 
situations there could be an impact on other parts of the model 
when merging or refining processes for example. 

Correcting incompleteness defects: In case of 
incompleteness, the analyst could rely on the knowledge 
provided by the ontology to fill the missing parts of the model. 
For example, if a missing resource is detected this should lead 
to the addition of this resource and the completion of the 
process using this resource. 

C. An Automated Environment to Implement our Approach  

We propose to design and develop a prototype 
implementing the proposed approach. This implementation has 
two core objectives. It will first help in demonstrating the 
feasibility of the approach. The second objective is related to 
the validation of the approach as we plan to make the prototype 
available to students, researchers and practitioners to collect 
their feedbacks. 

D. Validation of the Proposed Approach 

The proposed approach will be validated on the basis of the 
feedback received from different populations (researchers, 
professionals, students etc.) who have either used the proposed 
utility for evaluating and improving the quality of their models 
or have either been interviewed or surveyed over the efficacy 
of the proposed quality concepts and approach. 

Other suitable methodologies can also be used or employed 
for validation. 

− Quantitative Methods; such as surveys to gather data 
from the respondents. . 

− Qualitative Methods such as action research, use case 
study etc. 

 

E. Further work 

The work presented in this paper is a step forward in 
semantics based quality evaluation and improvement using 
domain ontologies. Further research includes the enrichment 
of quality defects rules and the development of a metrics suite 
for semantic quality evaluation. We plan also to develop a 
mean to improve the guidance provided during the 
improvement activity. 
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