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Abstract—The business process models are often subjected to 

change rapidly in order to cope with the market demands. It may 

be useful for companies to adapt a monitoring mechanism to 
achieve flexible business process models. It is also desirable to 
control the ripple effects of a change on whole or part of the 

business process and its running instances. It requires an 
exhaustive understanding of concerned changes and their 
application levels. In this paper, we propose a methodology based 

on dependency analysis for an a priori change impact analysis in 
the business process models. The approach is based on the 
ontology definitions to describe the dependency relationships. The 

major objective is to obtain a knowledge base to help the 
designers and business experts to estimate the associated risk of 
intended changes and the effort required for their 

implementation. 

Keywords—Business process model; change impact analysis; 

dependency relationships; Ontology 

I. INTRODUCTION 

The Business Process models (BPM) [1, 2] are often 
subjected to multiple changes throughout their life cycle. The 
reasons of these changes can be manifold such as the correction 
of errors, managing exceptions, business innovations, 
performance improvements (optimization), or to respect the 
new legal laws, etc. However, the absence of an appropriate 
mechanism to manage change consequences can create difficult 
situations like deadlocks, infinite executions, multiple 
terminations [3, 4], non-compliance with regulations [5], 
inconsistencies or semantic conflicts [6]. Furthermore, the 
ability to efficiently deal with a changing process has been 
identified as one of the critical success factors for any BPM 
model [7, 8].  

Several approaches and paradigms [9-14] have been 
proposed to cope with the changing processes and their 
flexibility. In [9], the author suggests a flexible modeling and 
execution of workflow activities based on a meta-model of 
business. This approach supports dynamic changes such as 
adding or deleting activities, but it requires that the activity is 
not in the running state during the change incorporation. 
Another approach proposed by [10] is based on the use of Petri 
nets to calculate the minimal region affected by the changes. 
The authors, in [11], provide another method for the 
construction of Compliance Graph between the old and new 
workflow versions. Similarly, ADEPT-flex [12] is a graph 
based workflow model for the integration of dynamic changes 
even during the execution instances of the model without losing 
control and structural coherence. Similarly, the authors in [13] 

propose the combination of a set of patterns of change and the 
seven characteristics of change management. YAWL [14] is an 
initiative based on formal foundations which provides 
significant support of a number of distinct flexibility 
approaches.  

However, despite the great benefit of the different 
approaches, proposed in the literature, we observe that there is 
an increased deficiency about the change impact analysis in 
business processes to better identify the change side effects and 
control its ripple effects. In this paper, we propose an approach 
for an a priori analysis of change impact propagation in 
business processes through dependency relationships analysis 
between the changed part and other potentially affected parts. It 
emphasizes the use of ontology to achieve this goal. In this 
regard, the different dependencies relationships are captured by 
an instance of ontology derived from business process models.  

The rest of the article is structured as follows. The section II 
briefly narrates the theoretical overview of semantic business 
process management. Section III discusses the change impact 
analysis in the life cycle of business process model. We 
describe the typology of the dependency relationships in the 
business process models, in the section IV. The section V, 
discusses the ontology definition for the change incorporation in 
process models. The ontology-based change management 
approach is presented in detailed in Section VI. Later in Section 
VII, we conclude our contribution. 

II. SEMANTIC BUSINESS PROCESS MANAGEMENT 

Business processes are generally expressed using the 
Business Process Model Notations

1
 (BPMN). The primary goal 

of BPMN is to provide graphical notations which are readily 
understandable by all business users. It creates a standardized 
bridge for the gap between the business process design and 
process implementation. Yet, there exists a lack of semantics in 
BPMN [4, 16]. In this regard, the Semantic Business Process 
Management (SBPM) is recent approach to complement this 
requirement. It aims to increase the level of automation in the 
translation between the business requirements view and the IT 
systems along with the resource levels. It involves the use of 
ontology languages and Semantic Web Services framework 
[15]. In fact, Francescomarino et al. [16] propose to formalize, 
verify and integrate the domain knowledge in BPMN 1.1 
diagrams by applying semantic web techniques. The Semantics 
Utilized for Process Management or (SUPER EU project) 
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within and between Enterprises creates a framework combining 
BPM enriched with machine readable semantics by employing 
Semantic Web technology

2
. An approach for representing a 

BPMN diagram by using ontology based formalism is also 
proposed in [17]. Among others, the authors in [18], present 
BPMN 2.0 ontology which can be used as a knowledge base for 
learning BPMN, as a syntax checker to validate separate BPMN 
2.0 models.  

III. THE CHANGE IMPACT ANALYSIS 

We can define the change impact analysis in business 
process model as a process which allows determining the 
elements of the model and its instances which can be 
susceptible to be directly or indirectly affected after each 
change. The changes at process instance level (also known as 
instance-specific changes) are often applied in an ad-hoc 
manner to deal with the exceptions (unanticipated situations) 
which can occur during the execution of an instance [19, 20]. 
In many cases, changing the state of a running instance is not 
sufficient for resolving problems, but the process structure 
itself has to be adapted as well [21]. For this reason, the 
process type level (schema evolution) is necessary to deal with 
the evolving nature of process roles (e.g., to adapt them to new 
legal requirement or new policies). Such a schema evolution 
often necessitates the propagation of respective changes on 
whole or part of the business processes and to ongoing process 
instances (global impact) [22], particularly if these instances 
have a longer runtime (e.g., medical or handling of leasing 
contracts, etc.) [23]. As a consequence of the changes there can 
result a difference (denoted as Δ) between the initial process 
schema S0 and the obtained process schema S1 which can be 
expressed as follows: 

S1= S0 + Δ 

Δ = |S1 - S0| 

The variant (Δ) can generate post-change impacts (in 
structural, functional, behavioral, logical, and qualitative 
aspects) on whole or part of the process and its instances. 
Therefore, an a priori analysis of this variant (also called 
impact analysis) is important to ensure the correctness and 
consistency of the conduction of changes. Besides traceability 
analysis [24, 25], the dependency relationship is one of the 
most commonly identified common thread for the change 
impact analysis process. 

The change impact analysis in BPM model can be 
explained with the help of a Meta model as shown in Fig. 1. It 
provides a useful overview of different concepts of change and 
kinds of impact to support the change impact analysis in 
business processes. A change can be considered as an entity 
applied at process type level or process instance level. Any 
change in a business process can propagate its impact in 
multiple aspects i.e. structural, functional, behavioral, logical, 
and qualitative. Therefore, it necessitates a comprehensive 
analysis as required by its definitions.  

IV. DEPENDENCY RELATIONSHIP ANALYSIS 

Like any other information system, a business process is 
composed of different kinds of components or entities and 
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there always exist either direct or indirect relationships among 
them. The dependency analysis is a process of identifying the 
entities that are dependent on a given entity in a business 
process model.  

The dependency relationships are defined considering the 
specifications of business process models. We propose a multi-
dimensional business process dependency model that includes 
the following two major dependency relationships in business 
processes:   

A. Activity dependency (routing) 

The activity dependency (also called routing dependency) 

describes the execution order of activities within a business 

process through the control-flows (i.e. "sequence flow" and 

"message flow"). These dependencies define not only the 

execution order but also the semantics associated with this 

order. For example, an AND-Join routing of the three activities 

A, B and C such that A and B must execute before C. We can 

distinguish two kinds of activity dependency relationships [26].  

1) Intra-dependency: It exists within a process. The 

intra-dependency refers to routing relationships between 

neighboring activities within the same process, as shown in 

Fig. 2 (within the Retailer process). 

2) Inter-dependency: The inter-dependency relationship 

is concretely represented by the routing relationship between 

activities in the different processes (messages exchange). As 

shown in the Fig. 2 (between the Retailer and Financial 

institution processes). 
 The activity dependency can be formally defined as:                          

ȡa = (₯, Ω) over a set of activities A = {a1, …, an}  and a set 
of control-flows T = {t1, …, tn}., where: 

₯ = ₯i (a)  ∪  ₯o (a)  whereas a ∈ A. 

₯o (a) is a set of all succeeding activities ai ∈ A (denoted 
as: ai → a) where the executions are dependent on activity a. 
The relationship can be one-to-many i.e., multiple activities 
depend on one activity. In the same way, ₯i (a) is a set of all 
preceding activities ai ∈ A (denoted as: a → ai) on which the 
execution of activity a is dependent. The relationship may be a 
many-to-one, i.e., one activity depends on multiple activities.

 
 

Fig. 1.  A meta-model of change impact analysis 



The set of control flows can be formaly shown as: 

Ω = Ωi  ∪  Ωo 

The Ωi is a set of control-flows, ti ∈ T, connecting each 
activity ai∈ ₯i(a) to a,  i.e. all incoming arcs (₯i(a), a) of 
a. While the Ωo is a set of control-flows, ti ∈ T, connecting 
a to each activity ai∈ ₯o(a) , i.e. all outgoing arcs (₯o(a), 
a) of a. 

B. Data dependency  

The data dependencies emerge from common resources 
or data related to multiple activities. There exist three major 
types of data dependencies [27]: 

1) Flow dependencies: It emerges whenever one activity 

produces a resource or data that is used by another activity. 

2) Sharing dependencies: It occurs whenever multiple 

activities use the same resource or data.  

3) Fit dependencies: It arises when multiple activities 

collectively produce a single resource or data.  
We can formalize a set of all data transferred between 

activities [12] as:  

D= {d1, d2 … dn} 

Every activity a ∈  A has input and output parameters, 
denoted as InPARs(a) and OutPARs(a) parameters, 
respectively. The symbol dc represents a data connection as:  

dc = {d, a, par, mode} 

Where d∈D, a∈A, par∈ InPARS(a)∪  OutPARs(a), and 
mode ∈  {read,write}. The set of all data connections can be  
represented as: 

DC = {dc1, dc2, … ,dcn} 

An activity ai depends on another activity aj (denoted as:             
ai  

(D)  aj) iff:∃ dcx, dcy ∈  DC, Such that:  

dcx = (d, aj , pars, write) 

dcy = (d, ai , part, read) 

Where d ∈  D, part ∈  InPARs(ai), pars ∈  OutPARs(aj) 
and aj precedes ai  in process schema. 

V. ONTOLOGIES DEFINITION FOR BPMN EVOLUTION 

In this section, we discuss our approach, as illustrated in 
Fig. 3, which aims to analyze an a priori change impact 
propagation in business processes through dependency 
relationships analysis between the changed part and other 
potentially affected part. We capture the different 
dependency relationships by an instance of ontology derived 
from business process models. There are various languages 
for the explicit and formal representation of ontology. OWL 
is one of these languages and is defined by the W3C. It is 
widely used, especially in the web semantic area and is 
accepted as a standard. 

To deal semantically with the BPM change impact 
analysis, we extend the BPMN ontology defined in [28] 
through the definition of different dependency relationships. 
We add new concepts defined by classes and properties 
focusing on BPM change impact and the relationships 
conducting such an impact. The proposed framework 
establishes the links between business process model 
elements and ontology concepts based on BPMN 
specifications

3
. It expresses each BPMN model element as a 

class in the ontology and its corresponding attributes as 
attributes of the class. 

The ontology currently consists of 95 classes, 108 object 
properties, 70 data properties and 439 class axioms. The 
elements are divided into two categories representing 
Supporting Elements and Graphical Elements, the latter 
category is further refined in Flow Object, Connecting 
Object, Swimlane, and Artifact. Every BPMN element is 
represented as a class [28]. 

Subsequently, the BPMN model elements can be 
represented through the instantiation of these classes and 
properties in the ontology. The linkage of the ontology and 
the BPMN model element instances is accomplished by the 
help of properties. These properties specify the semantics of 
a BPMN model element with the help of a relationship of an 
ontology instance with formal semantics defined by the 
ontology. 
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Fig. 2.  The payment process 



We propose then to add a new class called Impact 
Analysis added at the same level as Supporting Elements 
and Graphical Elements that are of type BPMN_ELEMENT. 
This class is further refined in the various dependency 
relationships. We use the Description Logic (DL) notation

4
 

for OWL to exemplify the axioms in our extended BPMN 
ontology in their logical form. The redefinition of a 
BPMN_ELEMENT class in DL formulas is shown in List 1. 
Similarly, The Impact Analysis and Dependency 
relationship classes are defined in List 2 and List 3, 
respectively. In the same way, the List 4 and the List 5 
define the Activity Dependency class and the Data 
Dependency class, respectively. 

List 1. BPMN element class 

Class: BPMN_ELEMENT 

1. Label: BPMN element 

2. Description: Base element 

3. BPMN_ELEMENT ≡ GRAPHICAL_ELEMENT   

    SUPPORTING_ELEMENT  IMPACT_ANALYSIS 

4. GRAPHICAL_ELEMENT ¬SUPPORTING_ELEMENT 

5. GRAPHICAL_ELEMENT  ¬IMPACT_ANALYSIS 

6. SUPPORTING_ELEMENT ¬IMPACT_ANALYSIS 

List 2. Impact analysis class 

Class: IMPACT_ANALYSIS 

1. Label: Impact analysis 

2. Description: Impact analysis 

3. IMPACT_ANALYSIS ≡  

   DEPENDENCY_RELATIONSHIPS 

List 3. Dependency relationship class 

Class: DEPENDENCY_RELATIONSHIPS 

1. Label: Dependency relationship 

2. Description: Dependency relationship define  

   the existing dependencies concerning activities  

   and data. 

3. DEPENDENCY_RELATIONSHIPS ≡   

   ACTIVITY_DEPENDENCY  DATA_DEPENDENCY 

4. ACTIVITY_DEPENDENCY  ¬DATA_DEPENDENCY 

List 4. Activity dependency class 

Class: ACTIVITY_DEPENDENCY 

1. Label: Activity Dependency 

2. Description: Activity Dependency 

3. ACTIVITY_DEPENDENCY  CONNECTING_OBJECT 

4. ACTIVITY_DEPENDENCY  ( )   

               has_connecting_activity_name 

5. Property: has_connecting_activity_name 

6. Label: Name 

7. Description: Name is an attribute that is text  

   description of the concerned acivity. 

8. has_connecting_activity_name has domain   

   ACTIVITY 

9. has_connecting_activity_name has range  

   xsd:string 

10.ACTIVITY_DEPENDENCY  ( )   

   has_connecting_activity_source_ref.ACTIVITY   

 ( ) has_connecting_activity_target_ref.ACTIVITY 

11. Property: has_connecting_activity_source_ref 

12. Label: aSourceRef 

13. Description: aSourceRef is an attribute that  

    identifies which Activity the Connecting  
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    Object is connected from. 

14. has_connecting_activity_source_ref has domain  

    CONNECTING_OBJECT 

15. has_connecting_activity_source_ref has range  

    ACTIVITY 

16. Property: has_connecting_activity_target_ref 

17. Label: aTargetRef 

18. Description: aTargetRef is an attribute that  

    identifies which Activity the Connecting  

    Object is connected to. 

19. has_connecting_activity_target_ref has domain  

    CONNECTING_OBJECT 

20. has_connecting_activity_target_ref has range  

    ACTIVITY 

List 5.Data dependency class 

Class: DATA_DEPENDENCY 

1. Label: Data Dependency 

2. Description: Data Dependency 

3. DATA_DEPENDENCY   CONNECTING_OBJECT  

4. DATA_DEPENDENCY  ( )  

             has_activity_input_sets.ACTIVITY 

  ( )has_activity_output_sets.ACTIVITY 

  has_activity_input_sets.ACTIVITY ≡ (DATA_OBJECT) 

VI. ONTOLOGY BASED CHANGE IMPACT ANALYSIS 

The Fig. 3 shows our approach, that deals with the BPM 
change impact analysis by the use of ontologies. The 
processes formalized by means of BPMN are stored in a 
BPM repository that is a relational database. The objects of 
such a database are semantically annotated by the BPMN 
ontology extended by features concerning the BPM change 
and the BPM change impact analysis like dependency 
relationships, etc. 

 

 
Fig. 3.  Overview of our approach 

 
The user, that is generally a BPM modeler, expresses 

BPM changes as change requests. The change request 
engine uses the rules to compute dependencies. These rules 
use the BPMN ontology and its extension.  To do this the 
change request engine uses the ontology query language 
(SPARQL). The user may express a change concerning the 
deletion of a task. The change request engine fires all the 
rules computing the dependencies of the concerned task. 
This is done by means of SPARQL queries. The 
dependencies are then used as a mean to track the impact of 
the task deletion. 

For the validation of this work, we have used one of the 
most popular tools called Protégé-OWL which supports 
building ontology based on the Web Ontology Language



 
Fig. 4.  Class Hierarchy of extended BPMN Ontology framework 

 

 
Fig. 5. The extended BPMN ontology (represented in OWL) 

 

(OWL) and it contains also knowledge-base framework 
editor. Fig. 4, shows the class hierarchy (as it appears in 
Protégé tool

5
) for the extended BPMN ontology that has 

been explained in this paper, and Fig. 5 shows the OWL file 
(ExtendedOntoBPMN.owl) which comprise the extended 
BPMN ontology. 

The main objective has been to build a knowledge base 
from the results of instantiating ontologies. A business 
process definition with its control-flow can be visualized 
with the help of a knowledge base. It can help to assess the 
risks associated with a change. It can also help to determine 
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the impacted zone of intended changes by using combine 
concepts from SPARQL query language and rule-based 
system. 

VII. CONCLUSION 

It is inevitable for the business processes to incorporate 
changes during their life cycle. The changes can occur either 
at process instance level or process type level. It is 
necessary to analyze change and the generated ripple effects 
in the whole business process model. The change impact 
can propagate through traceability and dependency 
relationships. In the current article, we focus on the 
dependency relationships.  



The business processes are generally implemented with 
the help of BPMN. We attempt to analyze two kinds of 
dependency relationships in BPMN models. The activity 
dependency or routing describes the execution order of 
activities in a process model through control-flows, while 
the data dependency describes the common usage of data 
among different elements of a process model. 

We use the ontology to complement the semantic 
information in BPMN models. We extend the BPMN 
ontology framework with the addition of concepts (defined 
by classes and properties) to describe the activity and data 
dependencies. It can help to build the exhaustive model for 
an a priori analysis of the change impact in evolving 
business processes and thus establish a scalable base for 
progressively taking into account the other dependency 
dimensions such as roles, resources, actors, etc. The aim is 
to identify the potentially affected entities by a change in the 
process analysis domain.  
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