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Abstract. The business process models provide a means to control and visualize
the enterprise processes. Different processes in an enterprise inter-operate to
achieve a common strategic and operational objective. These processes continu-
ously evolve to meet the changing business requirements. In this respect, the pro-
cess models should be able to reflect a cost-effective solution for the decided
changes in a process and its impact on other executing processes. Such dynamic
adaptability requires not only an exhaustive comprehension of business process
activities but also the understanding of the various change dimensions. In this
work, we propose a formal description of change feasibility, change incorpora-
tion, and traceability of the change impact propagation among multiple pro-
cesses. A rule-based approach is proposed for change incorporation during the
development and instantiation of business process models. The rule-based de-
clarative approach is destined to estimate the change feasibility in dynamic busi-
ness process models. We attempt to analyze the multiple dependency levels to
better control the change impact propagation. The work aims to help a well-con-
trolled and successful evolution of business processes.

Keywords: Business process modeling, Business process evolution, Change
impact analysis, Rule based change management, Structural dependencies, Data
dependencies.

1 Introduction

Business Process Models (BPM) follow a continuous cycle of process discovery,
process modeling, deployment, execution, improvement, and redesign [1, 2]. However,
it is generally observed that the enterprises are reluctant to change the existing
BPMs [3-5] because of the associated complexity and the cost. Indeed, the evolution of
inter-operable business processes can generate difficult situations for the creation, mod-
ification, or deletion of process fragments in the rectified schemas. This problem can
further aggravate when the instances of concerned process fragments are already in
execution while introducing the change. It is because of the compliant of business pro-
cess instances with the definition of their types, i.e., whether a respective change can
correctly propagate its impact without causing inconsistencies or errors (e.g. deadlocks,



live-locks) [6]. This can result a non-compliance with regulations [7] or a degradation
of the quality of the business process [8, 9].

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)
resulting in an adapted instance-specific process schema [10]. These are specific to a
particular instance, which means changes in one instance usually do not affect other
running process instances. In many cases, changing the state of a process instance is
not sufficient for a successful BPM evolution; the process structure itself has to be
adapted as well [11]. For this reason, the change at the process type level (also named
as process schema evolution) is necessary to deal with the evolving nature of process
roles (e.g., to adapt them to new legal requirements or new policies). The schema evo-
lution often leads to the propagation of respective changes to the rest of the schema
components and also to the ongoing process instances. This is particularly true if the
instances have a longer runtime (e.g., medical or handling of leasing contracts, efc.).

The rest of the paper is structured as follows: the section 2 provides a brief overview
of the related work. We explain, in detail, the dependency relationships and their anal-
ysis in section 3. Whereas, the section 4 describes the assessment of the change feasi-
bility and the analysis of the impact propagation of dynamic changes with the help of
rules. We briefly discuss implementation prototype in section 5. Later in section 6, we
conclude the content of this article.

2 Related work

The research on change management of business processes has been continuing to
attract increasing interest from the industry and the scientific community in the last
couple of decades. The major focus remained on integrating changes into business pro-
cesses without affecting running instances. While, it is observed that an a priori analy-
sis of the change impact is given less consideration.

Several approaches and paradigms [12-16] have been proposed to cope with the
changing processes and their flexibility. In [12], the authors suggest an algorithm to
calculate the minimal region affected by the changes that is based on Petri-Nets. It at-
tempts to identify the change regions to check the compatibility of workflow changes.
In [13], authors discuss, a formal approach based on the notion of process constraints
called Constraint-Based Flexible business process management. It has been developed
to demonstrate, how the specification of selection and scheduling constraints can lead
to increased flexibility in process execution, while maintaining a desired level of con-
trol. Similarly, the authors in [14] propose a combination of a set of change patterns
and seven change support features dealing with the process change. In this regard,
YAWL [15] is an initiative based on formal foundations that shows significant promise
in the support of a number of distinct flexibility approaches. Also Declare [16], in this
regard, offers to examine the change; its declarative basis provides a number of flexi-
bility features. Interestingly, it supports transfer of existing process instances to the new
process model.



In [17], the author suggests a flexible modeling and execution of workflow activities
based on a business meta-model. This approach supports dynamic changes such as add-
ing or deleting activities, but requires that the activity is not in the running state when
incorporating the change.

Apart from the work listed above, in [18] the authors attempt to analyze the depend-
ency relationships that exist within a workflow. However, their focus has been con-
strained on modeling the workflow rather than on the change impact analysis, and most
of the dependency relationships are confined to the structural dependencies, i.e. intra-
dependency of activity or routing.

In [19], the author presents a framework to analyze four types of dependencies con-
cerning the activities, roles, data, and actors. The objective of this framework is limited
to use this analysis to generate a set of “transition conditions” which are deployed in a
distributed process control. The work of authors in [19] is closely relevant to our prop-
osition. It uses the dependency analysis for the purpose of change impact analysis and
suggests using a set of queries defined in PROLOG! to help designers and business
experts to understand the dependencies between different elements of the business pro-
cess model.

The use of rules makes the approach more general compared to the algorithms. We
believe, the declarative rules can help to determine the feasibility and assess an a priori
change impact in multiple business process modeling languages (e.g. BPMN, EPC,
UML Activity diagrams, etc.).

3 Analysis of dependency relationships

We attempt to establish a scalable base to progressively consider the different inter-
dependent dimensions of process models such as activities, data, actors, resources, etc.

Our objective is to identify the potentially affected elements for an a priori change
impact analysis in the evolving business processes ahead the change implementation.
We should consider the critical dependencies that may exist between the process model
artefacts such as activities, data, roles, actors, resources, events, services, and rules, etc.
In this paper, we specifically focus more on the multi-dimensional business process
dependency model to get an insight concerning different dependency relationships
among business processes.

In the following, we formally discuss some of the major dependency relationships
in business processes.

3.1  Activity dependency (routing)

The activity dependency reflects the execution order of the business process activi-
ties. This ordering is usually defined by the modelers or business experts. It is based on
technical requirements, legal regulations, and management policies. For example, if
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two activities are executed sequentially, it means that the completion of the execution
of the first activity is a pre-condition for the execution of the second.

The activity dependency shows the execution order of activities within a business
process through the control-flows i.e. sequence flow and message flow. This depend-
ency defines not only the execution order but also the semantics associated with this
ordering. For example, for an AND-Join routing of three-activities A, B and C; A and B
must be executed before C (furthermore, in synchronization either 4 or B must finish
before the C can start its execution, etc.).

An activity dependency is formally defined as: D. = (D), Q) over a set of activities
A={ai, az, a3, ..., a.} and a set of control-flows T'= {¢;, t2, t;, ..., ta}, Where:

Dy = Dyi(a) U Dyo(a) where a € A. (1

The Dyi(a) is a set of all preceding activities a; € 4 (denoted as: @ — ;) on which
the execution of activity a is dependent. The relationship can be a many-to-one, i.e.,
one activity depends on multiple activities.

In the same way, Dyo(a) is a set of all succeeding activities ai €4 (denoted as: ai —
a) meaning their executions depend on the activity a. The relationship can be one-to-
many i.e., multiple activities depend on one activity.

Q=0 UQ, 2

The Qi is a set of control-flows, # € T, connecting each activity a:€ Dpi to a, i.e. all
incoming arcs (Dpi(a),a) of a.

The £, is a set of control-flows, ¢; € T, connecting a to each activity a;€ Do, i.e. all
outgoing arcs (Dpo(a),a) of a.

3.2 Role dependency

The role is a logical abstraction of one or more actors, usually in terms of common
responsibility or position. It means an actor can be a member of one or more roles. It is
observed, that a role is always associated to some activities.

The role dependency can be described through a role-net, which can be achieved by
replacing the roles to the activities associated with them. In other words, the activity-
based flowchart becomes a role-based flowchart while at the same time dependency
relationships depend on routing entities.

For further clarification of the role dependency, let us consider a role R;, which can
be assigned to the same activities that are being executed by another role Rz, then the
role R> may have a dependency relationship with the role R;.

For the sake of further clarity, let us consider the activity “blood test” in a review
process for medical checkup. It can be performed by a nurse or doctor. That is, the
role (nurse, blood test, medical checkup) and role (doctor, blood test, medical checkup)
are assigned to same activity which is “blood test”. Therefore, there exists a dependency
relationship between the role nurse and the role doctor.

If we consider R = {ri, r2, 13, ..., ra} as a set of roles and A= {ay, az, az, ..., a»} as a
set of activities then the role dependency can be formally represented as:



D:= (o, ¥) where, o (r) = oi(r) U os(r), and r ER. 3)

The oi(7) represents the set of roles which are immediate predecessors of role 7, i.e.
these are the roles which are affected to the activities a; where the activities a; € A
precede the activity a (for  associated to @). The ou(7) represents the set of roles which
are the immediate successors of role r. These are the roles which are affected by the
activities a; where the activities a; €4 succeed the activity a (for r associated to a).

“I":“I"iU‘“Po (4)

The Vi is the set of control flows (t; € T) or the arcs related to each role of Gi(r) to the
role r, i.e. the set of incoming arcs of role . In the same way, the W, represents the set
of control flows (#; € T) linking the role r to all the roles of the ou(7), i.e. the set of

outgoing arcs of role r.

Change is Feasibility rules II
impossible

IF : Change
Determine Impact analysis II
impacted zone rule:
k BPMN Process Models j & Rules-base j

Fig. 1. Change impact assessment with the help of rules.

4 Declarative assessment of change impact

In the presented approach, as broadly described in Fig. 1, the impact propagation is
assessed with the help of rules written in ECA or <Event> <Condition> — <Action>
formalism. It encompasses two steps, which are explained below:

1. Assess the feasibility of the dynamic change in BPMN process model with the help
of a set of rules called feasibility rules.

2. If the change is feasible, then perform an a priori analysis of the impact propagation
at the process type level and in the corresponding instances with the help of a set of
rules called impact analysis rules.

The change operations can be a combination of addition, deletion, or modification of
activities, but these can also become more complex depending on their abstraction and
granularity. The complex change operations can involve the replacement of a process
fragment by another one, moving a process fragment from its current position in the
flow to a new one, copying a process fragment, swapping a process fragment with an-
other, parallelization of process fragments, or some other complex action. The meta-
model of change impact analysis, as shown in Fig. 2 encompass the possible prospects
of the change. This provides a useful overview of the different concepts concerning the



change and types of impacts to support the business process change impact analysis.
Any change of a business process can propagate a multi-faceted impact i.e. structural,
functional, behavioral, logical, and qualitative impacts. Therefore, it leads to a compre-
hensive analysis as required by its definitions.

In the following, we formally describe the change impact analysis in business pro-
cesses. A change operation can consequently result in a difference (denoted as A), be-
tween the initial process schema So and the modified process schema Si. This can be
expressed as follows:

Si=Se+ A (5)
A=]Si-So] (6)

The variant (A) can generate the post-change impacts on whole or part of the process
model and its running instances. Therefore, an a priori analysis of this variant is im-
portant to ensure the correctness and consistency of the change impact propagation.
Otherwise, changes such as the deletion or the addition of a task may cause severe
inconsistencies (e.g., unintended update loss) or even run-time errors (e.g., program
crashes due to the invocation of task modules with invalid or missing parameters).

BPMN Model

Activity
dependency
Dependency
Relationship
Analysis Role
! dependency

Process Type
Level Need

1
Applied

«Instance of »

Impact

1 . Behavioral impact

Process Instance .
level Causes Qualitative impact

Fig. 2. Meta-model of change impact analysis.

4.1 Feasibility Rules

The set of Feasibility Rules (FR) ensures the compliance of business process in-
stances to the definition of their type during a change. It can be used to assess the fea-
sibility of the dynamic changes. To further illustrate, let us consider, as described be-
low, the example of a process type level change.

The rule process type level change ensures the feasibility of the dynamic change at
process type level. It is defined as follows:

e In order to avoid the insertion of a new task 7 as a predecessor of an already
RUNNING or COMPLETED task, we require that all the succeeding elements in the
control flow must be in one of the states as NOT ACTIVATED or ACTIVATED.
Conversely, the preceding tasks may be in an arbitrary state.



e The deletion of a task 7 of a running process instance is only possible, if T is either
in NOT ACTIVATED or in ACTIVATED state. In this case, the elements associated
with T are removed from the corresponding process model. Tasks in the RUNNING,
COMPLETED, or SKIPPED state may not be deleted (it should not be allowed to
delete a task or to change its attributes if it is already completed).

4.2  Process instance level changes

A feasibility rule at the process instance level can be triggered to control the changes
at the process instance level. We instantiate process graphs, where the set of nodes can
be either activities, events or gateways. The set of sequence flows (edges) connect the
nodes. Let us consider status as an attribute assigned to each node N and each instance
1 to describe its current status (change-trace). The Algorithm 1 describes such a rule for
the sake of illustration.

Algorithm 1. Deletion of process fragment.

on I, is < deleted >
if I, € S then
I « Inst(Ix);
/* Verification of corresponding instances */
if T € {Not Activated, Activated} then
/* the change can be applied */
Status(Ix, "deleted”);
Mark(I., GREEN);
else
/* the change cannot be applied*/
print(”the change cannot be immediately
applied to the "+ I +” instance”);
end if
end if

4.3 Impact analysis rules

When the change is possible, impact analysis rules (analyze the impact propagation)
are triggered, such as described in the Algorithm 2.

As shown in the Algorithm 2, the FOx and other relevant control-flows are marked.
The Dyo set return both succeeding activities and the corresponding routing relation-
ships of the given activity and returns succeeding activities (if multiple activities de-
pend on concerned activity) in respect to the different routing types: Sequential, AND-
Split, AND-Join, OR-Split, OR-Join, XOR-Split, XOR-Join.

The Dyi set return both preceding activities and the corresponding routings between
preceding activities and the given activity, respectively (if the concerned activity de-
pends on multiple activities.). All returned activities and corresponding routing rela-
tionships (control-flows) are also marked to express the depth of change impact, such
as shown in Fig. 3, with the help of an example.



Algorithm 2. Change Impact Analysis (Activity dependency).

on Rule 06 is < called >
if Status(FOx)== “added” | "deleted” || "modified”
then

Mark (FOyx, BLUE);

Mark(FC € {Q;(FOx) U Q,(FOx)}, BLUE);

/* D,o gets successively each succeeding ac-
tivity depends on FO, and the corresponding rout-
ing relationships in N */

for a; € N(1i =1,...,n) do

if a; —» FOx then /* a; depend on FOx */
D,o «— Do U {a;}

end if
end for
for a; € Do(i = 1,...,n) do

Mark(a:);
Mark(FC € {Qi(ai) U Qo(ai)});
end for
/* Dy,i gets successively each preceding activ-
ity which FOx depends on and
the corresponding routing relation-ships in N */
for a; € N(1i =1,...,n) do
if FOx — a; then /* FOx depend on a; */
Dpi «— Dpi U {ai}

end if
end for
for a; € Dyi(i = 1,...,n) do

Mark(ai);
Mark(FC € Qi(ai) U Qq(ai));

end for
end if
/Process Schema So \
=
O~{a X}z <~ E O
(o ) — =
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J L J L J L
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Fig. 3. Deletion of activity 'B' and addition of activity 'X'".



5 Prototype of validation

The proposed approach has been validated with the help of plug-ins development in
Eclipse? integrated development environment. Among others, we have been developing
a BPMN Change Propagation Analyzer plug-in to extend the functionality of BPM
modeling for traceability of impact propagation for changing business processes. The
plugin is composed of the management of meta-information of business processes and
a rule-base allowing the implementation of the rules developed in context of analyzing
the change integration and impact propagation.

The rule-base is implemented using the Drools® object-oriented rule engine in inte-
gration with Java*. This rule-engine allows the management of business process change
impact propagation rules. Indeed, Drools is a business rules management platform that
offers an integrated rule definition and execution workshop. It also allows the definition
and execution of the workflow as well as the management of events. The set of impact
propagation rules is interactively called when handling BPMN template elements (add,
delete, or modify).

6 Conclusion and perspectives

In this paper, we propose to analyze the change impact by exploiting the dependency
relationships between BPM elements. In this respect, we focus on activity, data, and
role dependencies among business processes. The approach is based on graph reacha-
bility with the help of a rule-based framework. The feasibility rules and the change
impact analysis rules are the two major categories of rules in this regard. These can
effectively determine an a priori feasibility and analysis of process changes either at
process type level or process instance level.

The approach has been validated with the help of set of plugins which are developed
for Eclipse IDE. The continuing work aims to analyze the change impact propagation
on the multiple dependency relationships, which include actors, resources, events, con-
trol data, and applications, etc. in the business process on both at the process type level,
and the process instance level. The rule-based approach may provide an assistance to
assess the feasibility and change impact analysis for better business process manage-
ment.
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