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Abstract. Separation of cross-cutting concerns is an important issue in
business process management, where Aspect-Oriented Business Process
Modeling (AO-BPM) aims to support this separation through a new form of
encapsulation technique. Although different researchers have investigated
how these models can be designed to support separation of non-retroactive
cross-cutting concerns, there is no study that defines the separation of
retroactive ones. The lack of a unified definition of the syntax and the
operational semantics for these models also hinders their enactment in
practice. As a result, the perceived usefulness and usability of these
approaches have not yet been investigated so far. Thus, this article fills
this gap by formalizing an AO-BPM language and the semantics that can
support enactment of such models. The semantics are validated through the
state-space analysis technique, and the feasibility of the implementation
is also demonstrated. The perceived usefulness and ease of use of the
AO-BPM is evaluated by applying the Technology Acceptance Model
during a workshop session. The result shows that participants perceived the
approach usable and, in fact, easy to use.
Keywords: Business Process Management, Aspect-Oriented, Weaving,
Cross-Cutting Concerns, Modularization.

1 Introduction

Separation of concerns has long been used as an effective approach by people in order to deal
with complex phenomena. This approach helps to reduce the number of dimensions of complexity
by ignoring the concerns which are less relevant and increasing the level of abstraction. Ignoring
some aspects, according to the information hiding principle, can enable people to focus on the
most relevant aspects of a subject that they are interested in. The application of this approach in
information systems is made through decomposing a system into different modules that specify
the overall functionality of the system. Modularizing a system not only increases the level of
abstraction but also supports the re-usability of modules, so designing a system can become simpler
with the wise choice of modularization techniques.
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In information systems particular concerns are not limited to one module, those that cross over
different modules, so they are known as cross-cutting concerns. It is challenging to encapsulate
these concerns in a module since they are scattered through different modules, and those modules
and concerns are intertwined relationships. Therefore, it is difficult to hide these concerns in those
situations where they are not important and thus do not need to be presented to particular audiences.
Presenting all concerns may affect negatively the understandability of the system by the audience.

There are many cross-cutting concerns in business processes. For instance, concerns related to
security and privacy regulations. These sorts of regulations can be imposed in two ways, i.e., i) they
can be applied to actions that will happen after the time of establishment (non-retroactively), or ii)
they can be applied to actions that also happen before the time of establishment (retroactively). The
ex-post-facto law prohibits introducing retroactive regulations in many contexts, e.g. criminal, tax,
etc. Thus, in businesses there are many regulations which should only be applied non-retroactively.
As changes in regulations can affect many business processes, the systems supporting the affected
processes need to be audited and changed accordingly, if these regulations are not encapsulated
properly.

Aspect Orientation is a paradigm in information systems that aims to encapsulate the
cross-cutting concerns. In the Business Process Management (BPM) area, Aspect-Oriented
Business Process Modeling (AO-BPM) specifies how these concerns should be modeled when
designing business process models. Despite different proposals as to how these concerns should
be modeled, there is no approach that supports separation of both retroactive and non-retroactive
cross-cutting concerns from process models. As a consequence, there is a lack of general semantics
that specify how these concerns should be enacted.

Therefore, this article extends current AO-BPM approaches by introducing retroactive and
non-retroactive cross-cutting concerns. The new modeling language and the semantics of systems
that can support enactment of these models are formalized. The result is validated through the
state-space analysis technique. In addition, the perceived usefulness and ease of use of the approach
are evaluated by applying the Technology Acceptance Model during a workshop session. The result
shows that participants perceived the approach usable and, in fact, easy to use.

The remainder of this article is organized as follows. Section 2 introduces basics of
Aspect-Oriented Business Process Management (AO-BPM). Section 3 describes our approach.
It specifies the syntax for an AO-BPM language and defines the operational semantics for enacting
aspect-oriented business process models. Section 4 validates the models and reports the result of
evaluating the Aspect-Oriented Business Process Modeling language. Section 5 discusses related
works. Section 6 concludes the paper and introduces future works.

2 Background

In this section, we explain the basic terms of AO-BPM using a motivating example of a fictitious
bank.

The left side of Figure 1 illustrates the cross-cutting relations between several regulations and
processes in a bank. The vertical and horizontal rectangles show the regulations and core process
models respectively. A regulation should be considered in a process model if it is visually crossed
over by the process models in this figure. For instance, a security regulation is applicable for all
processes, while the Anti-Money Laundering (AML) regulation is applicable to only those phases
in which the customer can deposit a large amount of money.

The dependency between regulations and processes depends on the law that defines such
relations. For instance, consider a new anti-money laundering regulation that forces the bank to
freeze large deposits of customers unless they fill the deposit declaration form. Such a regulation
can affect many business processes in the bank, including the mortgage loan process, LC process,
etc., because a large deposit is usually required in these processes. The mortgage loan process
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Figure 1. The Motivating Example [1]

requires compliance with AML, Security and Archive regulations in our example. Each of these
regulations mandates a set of activities to be performed in this process.

The mortgage loan process is shown on the right-hand side of Figure 1. This process starts when
a contract manager signs a loan contract with a customer. This contract indicates the regulations
that should be considered for each case, which will be signed by both the customer and the bank’s
employee. Then, the financial manager should receive the deposit from the customer. In parallel,
two other activities need to be performed, i.e., the contract manager needs to receive documents
from the customer, and the mortgage expert needs to assess the mortgage value. For the sake of
simplicity, the rest of the process is not depicted in detail.

Traditionally, all regulations should be captured by related process models, the result of which
is scattering the realization of the regulations among many business process models. For instance,
the receive declaration form should not only be included in the mortgage loan process but also in
other applicable processes. The inclusion of this activity (as a realization of the regulation) results
in the scattering problem.

Aspect-Oriented Business Process Modeling overcomes this problem by supporting separation
of each concern [3], [4], [5]. This approach facilitates the encapsulation of the regulations and
enforces them, when they are needed, in the relevant processes. Figure 2 shows an abstraction
that explains how this approach supports this sort of encapsulation. The vertical and horizontal
boxes on the left-hand side of the figure show the cross-cutting concerns and business processes
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respectively, which are encapsulated by certain models which are shown on the right-hand side
of the figure. The functionalities of business processes are encapsulated in models called core
concerns, while the functionalities of cross-cutting concerns are encapsulated in models called
advice. The relationship between these two models is specified by a third model called pointcuts.
This is very effective modeling since a change in regulation will affect only its own particular
model. In addition, if the rule regarding the application of the regulation is changed, the related
pointcut will be changed. Thus, it will be much easier to manage both the bank’s processes and its
regulations. The legend that is used in this figure also holds for Figure 4 and Figure 5.

There are two approaches, static and dynamic weaving, that support the enactment of
aspect-oriented business process models.

In static weaving [6] (depicted in Figure 3), all fragments of an aspect-oriented business process
model that are designed by a process designer are composed together to produce a traditional
model. Thus, it does not support the change in cross-cutting regulations or their rules at runtime.
Neither does it support the adjustment of business processes to the new regulations at runtime.
This technique can be used for introducing regulations that should be applied non-retroactively
by producing new versions of a process model for each case, but it is not an efficient way,
since it causes ongoing configuration costs when enacting business processes. This means that
the development team needs to constantly produce a new version of each process model for each
case – which is neither desirable nor practical. This technique is a kind of “composite model” use
case [7], where a model is, itself, composed of several existing models.

In dynamic weaving [8] (depicted in Figure 4), the Business Process Management Systems
(BPMSs) should be aware of the semantics of these models [9], and adapt the process instances
at runtime by enforcing the execution of advices based on interpreting pointcuts [10]. Thus, it
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Figure 4. The Dynamic Weaving use case [1]

27



supports changing cross-cutting regulations or their rules at runtime. A change in regulations will
be applied to all cases. This technique is a kind of “Adapt while running” use case [7], where the
system knows the semantics of models in order to execute them correctly.

Although these two approaches can support different use cases, they cannot solve the problem of
managing regulations that should be applied non-retroactively in an effective and efficient way. For
instance, if we want to introduce the AML regulation in our example, these two approaches are not
helpful. Static weaving cannot help since the development team should configure a new process
model for each loan application, which is not feasible. Note that there are many regulations in
real processes, and the process participants will not know about changes in regulations, so static
weaving needs to be performed for every case in order to guarantee the conformance of processes
to regulations. Dynamic weaving cannot help since the new AML regulation will be applied to
all cases. Therefore, we need a new sort of weaving that supports enactment of non-retroactive
cross-cutting concerns.

3 Approach

In this section we propose a new approach called hybrid weaving, which can support the
management of regulations in business processes in an effective and efficient way. In this
approach, we divide regulations, which are sorts of cross-cutting concerns, into two categories:
non-retroactive and retroactive. Non-retroactive cross-cutting concerns are those concerns which
should not be applied to cases that were created before introducing the concerns. Retroactive
cross-cutting concerns are those concerns which should be applied to all cases.

First, we explain our approach by introducing a business process use case for hybrid weaving.
Then, we specify the formalization of the operational semantics of the systems that aim to support
hybrid weaving in order to solve the problem.

3.1 The Hybrid Weaving Use Case

Hybrid weaving is a combination of both static and dynamic weaving that can address the gap in
regulation management. We introduce this approach as a business process use case by combining
several use cases which are introduced by van der Aalst [7], i.e., Design Configurable Model
(DesCM), Configure Configurable Model (ConCM), and Adapt While Running (AdaWR) use
cases. We also define a new use case called Compose Configurable Model (CompCM) which is
an extension of the Compose Model use case. Figure 5 shows the combination of these use cases,
which enables hybrid weaving.

In the hybrid weaving use case, the process designer needs to define a configurable
aspect-oriented business process model that distinguishes between retroactive and non-retroactive
cross-cutting concerns (DesCM). As it can be seen in Figure 5, the pointcut needs to be
configurable in these models. Then, the designed models can be composed into a new configurable
model (CompCM) by the hybrid weaver. This is a new use case that we introduced, since static
weaving needs to be done on configurable versions of aspect-oriented business process models
so that the result is still configurable. The result has to be configurable since the pointcuts must
be configured and also be associated with the new model in the next step (ConCM). Finally, the
generated configured model will be used by a system which is aware of the semantics of dynamic
weaving (AdaWR).

As it can be seen in Figure 5, the process is complex, and it needs to be formalized in order
to investigate its soundness. Therefore, we define the syntax and semantics for these models in
the next sections. The result can be used by different workflow management systems to extend
their functionality. We will further explain these use cases when describing the semantics for
aspect-oriented models.
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Figure 5. The Hybrid Weaving use case [1]

3.2 Basic Definitions

We define the formal definition and semantics for AO-BPM using Petri-nets. Petri-net is
selected because it has a proper semantics, and it can easily be transformed to other business
process modeling languages [11] such as Business Process Model and Notation (BPMN) [12],
Event-driven Process Chains (EPC) [13], and Yet Another Workflow Language (YAWL) [14].

Definition 1 (P/T-nets [15], [16]). A Place/Transition net (P/T-net) is a tuple N =
(PN , TN , FN),1 where:

• PN is a finite set of places;
• TN is a finite set of transitions, such that (PN ∩ TN = ∅); and
• FN ⊆ (PN × TN) ∪ (TN × PN) is a set of directed arcs, called the flow relation.

A place is represented by a circle, and a transition is represented by a rectangle. A flow is
represented by a directed arrow connecting a place to a transition, or vice versa. The preset of an
element x ∈ PN∪TN in the net N is defined as

N•x = {∀y ∈ (PN∪TN)|(y, x) ∈ FN}. The postset
of an element x ∈ PN ∪ TN in the net N is defined as x

N• = {∀y ∈ (PN ∪ TN)|(x, y) ∈ FN}. P ,
T and F represent the universe of all places, transitions and flows, respectively.

The state of a system is determined by a distribution of tokens in the places of the net. The
distribution of tokens in the places of a net is called the marking of the net. The transitions of the
net can change the markings of the net. A transition is enabled iff there is at least one token in
every input place. The result of executing a transition is a new marking, where a token is removed
from every input place of the transition, and a token is added to every output place of the transition.
The initial state of the system is defined by an initial marking. A marking is called reachable iff
there exists a sequence of enabled transitions whose firing leads on from the initial marking to that
particular marking. The sequence of all executed transitions from one marking to another is called
the firing sequence.

1 The superscript N for a set specifies the net that contains the elements of the set.
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A net is weakly connected, or simply connected, iff, for every two nodes in the net, there are a
number of flows and nodes that connect one of the nodes to the other. The net is strongly connected
iff, for every two nodes in the net, there are a number of flows and nodes that connect each of them
to the others. A marked net is bounded iff the set of reachable markings is finite. It is safe iff, for any
reachable marking, the number of tokens in every place is less than or equal to one. A transition in
the net is called dead iff there are no reachable markings such that the transition would be enabled.
The net is called live iff, for every reachable marking M ′, and every transition t, there is another
marking M ′′ which is reachable from M ′ and which enables t.

Definition 2 (Workflow nets [15], [16]). Let N = (PN , TN , FN) be a P/T-net and t̄ ∈ T \ TN ,
where •t̄ = t̄• = ∅. N is a workflow net (WF-net) iff : PN contains an input place i such that
N•i = ∅; PN contains an output place o such that o

N• = ∅; N̄ = (PN , TN ∪{t̄}, FN ∪{(o, t̄), (t̄, i)}
is strongly connected.

A workflow net is sound iff the following four properties hold. i) Safeness: the net with the
initial given marking is safe; ii) Proper completion: for any marking that is reachable from the
initial marking and has a token in the output place, there is no other token in other places; iii)
Option to complete: for any marking that is reachable from the initial marking, there is a reachable
marking that has a token in the output place (we call this marking the end marking); and iv)
Absence of dead tasks: the net contains no dead transitions.

Definition 3 (Core net). A core net is a workflow net that encapsulates the core functionality of
a business process. The set of all core nets is denoted by C. Every task in a core net is called a join
point.

Definition 4 (Advice). An advice W = (PW , TW ∪ P({tWproceed}), FW ), is a workflow net that
encapsulates a cross-cutting functionality, where:

• W /∈ C. The advice net is not a part of core nets, and
• tWproceed is a special task in the advice net which is a place holder for a join point in a core net.
P denotes the power set, so an advice can have zero or one place holders.

An advice W has zero or one tWproceed place holders. An advice with one place holder is called an
around advice. The set of all around advices is denoted by A •

�
. An advice with no place holders is

called a free advice. The set of all free advices is denoted by A ◦
�

. The set of all advices is denoted
by A = A •

�
∪ A ◦

�
, where A •

�
∩ A ◦

�
= ∅.

Definition 5 (Pointcut). A pointcut is a function that relates a join point to a set of advices. There
are three sorts of pointcuts: before, after and around, denoted by P◦�, P�◦ and P •

�
, respectively.

The set of all pointcuts is denoted by P = P◦� ∪ P�◦ ∪ P •
�

.

• A before pointcut is a function P◦� : T → 2
A◦

� .
• An after pointcut is a function P�◦ : T → 2

A◦
� .

• An around pointcut is a function P •
�

: T → 2
A•

� .

This means that a before and an after pointcut can relate a set of free advices to a join point, and an
around pointcut can relate a set of around advices to a join point. It is also possible that a pointcut
relates an empty set of advices to a join point. The join points that are related to at least one advice
are called advised join points.

A pointcut can relate a join point to a set of advices retroactively or non-retroactively. The
retroactive and non-retroactive pointcuts are denoted by Pr and Pn respectively. The annotation
applies for all three sorts of pointcuts, e.g. the set of retroactive pointcuts that should be applied
before join points can be denoted by Pr

◦�.
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Definition 6 (Aspect-Oriented nets). An Aspect-Oriented net (AO-net) is a tuple
AO = (C,A,P), where: C ∈ C is a core net.

A part of the model that will be weaved at design time needs static semantics; while the second
part that will be weaved at runtime needs hybrid semantics.

3.3 Static Semantics

The static semantics can be defined by specifying the criteria under which the AO-nets are sound.

Definition 7 (AO-net Soundness). An AO-net AO = (C,A,P) is sound iff
W = staticWeaving(AO) is sound. Algorithm 1 defines staticWeaving.

Algorithm 1: Algorithm for weaving an AO-net
1 Algorithm staticWeaving(AO = (C = (TC , PC , FC),A,P))
2 W ← C;
3 foreach task t in TW do
4 if Pn

•
�

(t) 6= {} then
5 TW ← TW ∪ {tWt.split} ∪ {tWt.join};
6 else
7 if Pn

◦�(t) 6= {} then
8 TW ← TW ∪ {tWt.split};
9 if Pn

�◦(t) 6= {} then
10 TW ← TW ∪ {tWt.join};
11 foreach Advice A′ in Pn

◦�(t) do
12 W ← addAdvice(W,A′, tWt.split, t);
13 foreach Advice A′ in Pn

�◦(t) do
14 W ← addAdvice(W,A′, t, tWt.join);
15 foreach Advice A′ in Pn

•
�

(t) do
16 W ← addAdvice(W,A′, tWt.split, t

W
t.join);

17 foreach Place p in
A•tAproceed do

18 FW ← FW ∪ {(p, t)} \ {(p, tAproceed)};
19 foreach Place p in tAproceed

A• do
20 FW ← FW ∪ {(t, p)} \ {(tAproceed, p)};
21 TW ← TW \ tAproceed;
22 return W;
23 Function addAdvice(W ∈ C, B ∈ A, initiator ∈ TW , terminator ∈ TW)

1 A← B;
2 TW ← TW ∪ TA;
3 PW ← PW ∪ PA;
4 FW ← FW ∪ FA ∪ {(initiator, iA)} ∪ {(oA, terminator)};
5 return W ;

This algorithm gets an AO-net and converts it to a Workflow net so that the nets can be analyzed
by the techniques available for Workflow Nets. It weaves each related non-retroactive advice to an
advised join point in the core net. To discover the advised join points, the algorithm investigates
whether every task in the core net is an advised join point. If a task t is an advised join point, the
algorithm should weave i) a “before advice” before the task; ii) an “around advice” before and after
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the task, and iii) an “after advice” after the task. Therefore, it adds a helper split and joins tasks
for weaving advices. Thereafter, it weaves before, after and around advices to the net. To weave an
“around advice,” the algorithm should also replace the “proceed” to the advised join point. Finally,
the algorithm returns the woven net. The function addAdvice relates advice to an advised join
point, which is used in weaving before, after and around advices.

The complete semantics of AO-nets needs to be defined dynamically, due to the existence of
retroactive advice.

3.4 Hybrid Semantics

This section completes the semantics of Aspect-Oriented Business Process Models by defining
hybrid semantics. We used Coloured Petri-Nets (CPN) [17] to formalize the hybrid semantics,
because it is a widely-used formalization technique in system design and verification. This
technique is also supported by a tool called CPN Tools that enables verification of the result [18].
This technique is also widely used in the domain of workflow management systems, e.g. Adams
specifies the semantics of worklet service using Coloured Petri-nets [19]; or Jalali et al. define
dynamic weaving using Coloured Petri-nets [9] which is later implemented and applied in a
banking case [8], [10].

workitemConstraint

evITEMCONSTRAINT

pointcutSpec

TREELIST

Resuming
ITEMIDxDATA

Launching

CASEIDxITEMIDxEXLETxDATA

casePreConstraint

evCASECONSTRAINT

Dynamic Weaving

weaveAspect

Monitoring 
Pointcut

Monitoring  Pointcut

Static Weaving

Static Weaving

[isValidCase(s, tList)]

tList

Monitoring  Pointcut weaveAspect Static Weaving

Figure 6. The Hybrid Weaving net [1]

Figure 6 shows the top net of the CPN model for the hybrid semantics. This semantics is defined
based on the approach that we defined earlier for hybrid weaving. It contains three subnets, called
monitoring pointcuts, dynamic weaving and static weaving:

• Monitoring pointcut net is responsible for monitoring business process instances. A strong
monitoring service needs to capture different business process perspectives [20].
• The dynamic weaving net is responsible for enforcing cross-cutting concerns at runtime. The

dynamic weaving and monitoring nets define how the Adapt While Running (AdaWR) use case
is defined in the hybrid weaving use case. The semantics is defined by Jalali et al. [9].
• The static weaving net is responsible for performing the Compose Configurable Model

(CompCM) and Configure Configurable Model (ConCM) use cases.

The monitoring pointcuts and dynamic weaving subnets are defined in [10], where we defined the
semantics of dynamic weaving. Thus, we do not elaborate on them in detail here.

The service starts when a case is created in the workflow management systems. For every case,
the service will investigate if there is a non-retroactive cross-cutting concern that should be weaved
into the model. The detailed method which is defined as a model is explained below (see also Figure
7).
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Figure 7. The Configuration steps in Hybrid Weaving [1]

Compose Configurable Model:

In this sub- use case, we need to compose a new model that composes non-retroactive advice with
the core process specification in a new model.

To perform such an operation, the system reacts for each instance of a business process model
that is created as a case in the system. The creation of each case is recognized as an event,
represented as a token, appears in the casePreConstraint place. The process is depicted in Figure 7.

The service starts when an instance of a business process model is created in the system, known
as a case. This service reads the pointcuts models and investigates if any non-retroactive advice is
defined for this case. If none non-retroactive advice is revealed, then the service will not change the
configurable model, and it can be enacted as a model with the help of dynamic weaving semantics,
specified by Jalali et al. [9].

However, if a non-retroactive advice is defined for such a case, the service needs to retrieve the
specification of the process model from the server by sending a request. Note that the request is
sent as a message through a channel called ICore in our model, and the response will be given
from the same channel. Next, the system can cancel the initiated case. The cancellation cannot be
performed in the first place, since it might happen before retrieving the case specification due to
the concurrent nature of message exchange with workflow management systems.

Then, the service needs to retrieve the non-retroactive advice, and should perform static
weaving [6]. The result is a woven model as a new specification. The system needs to upload
the new specification, which is performed by the uploadSpec transition.

Configure Configurable Model:

At this point, the retroactive advice is related to the previous process model. Thus, the system needs
to configure the pointcut model to be related to the newly generated model. Thus, the system gets
the ID of the uploaded specification using the retrieveSpecID transition. It will update the pointcut
repository using the updatePointcuts transition.
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Adapt While Running:

At this point, all configuration is applied appropriately. Thus, the system will create a new instance
of the new process model by LaunchNewCase transition. Note that the creation of such a case will
raise a new case constraint event by the workflow management system. This event will make the
service active again. However, it will skip the static weaving part since there is no non-retroactive
advice related to the new case. Hence, the new case will only go through the dynamic weaving
service [9], which handles the Adapt While Running sub- use case.

The result can enable management of both non-retroactive and retroactive cross-cutting
concerns in an effective manner.

4 Evaluation

We evaluate three important aspects of our artifacts, i.e. feasibility of the implementation,
semantics of the model, and the usefulness and ease of use of aspect-oriented business process
modeling.

4.1 Investigating Feasibility of the Implementation

The feasibility of the implementation of hybrid weaving can be evaluated by investigating the
feasibility of implementation of its parts, i.e., static and dynamic weaving.

Static Weaving

To investigate the feasibility of the implementation of static weaving, we have implemented a
prototype tool, based on the static weaving algorithm that investigates the soundness of different
scenarios of aspect-oriented business process models. The static weaving algorithm is implemented
using the jBPT library [21]. This library makes it easier to extend the implementation to support
the weaving of other process model notations like EPC and BPMN. The algorithm gets a core-net
and set of advices as Petri-nets in the Petri Net Markup Language (PNML) format. It also
gets the pointcuts in the XML format which is defined in [8]. The result is a woven net as
Petri-nets in the PNML format. This format is supported by many Petri-net editors. To analyze
the result, WoPeD [22] is used. WoPeD supports analysis of Petri-nets using Woflan - an advanced
Petri-net-based workflow analyser [23].

The result of analyzing different scenarios shows that the woven result is always sound only if
i) there is no advised join points in the model for which more than one advice is defined, or ii) no
any around advice is defined for an advised join point for which more than one advice is defined.
Otherwise, the soundness must be checked by the tool.

Figure 8 shows three nets for a scenario that can have deadlock after weaving. It contains a core
process containing three tasks, i.e. A, B and C. A pointcut relates two advices to task B in the
main process model. One of the advices is “BEFORE” advice (named before), and the other one
is “AROUND” (named around loop). As it can be seen in the around advice, it is possible to fire
the PROCEED by firing the loop transition. Figure 9 shows the result of the weaving of the nets
for this scenario. The graph below the Petri-net shows the reachability graph, which is generated
by WoPeD. The reachability graph shows all possible reachable states in the process model. The
analysis based on the reachability graph is a very powerful method because it can be used to prove
or disprove different kinds of properties [24].

The reachability graph shows that there is a possible deadlock in this process model. The
deadlock can occur if the loop transition is fired. The problem is that the advised join point (task
B) requires a token in both input places. However, there will be no token in the output place
of the “before advice” net because it is previously consumed by the advised join point. This
introduces a deadlock in the woven net. The static weaving can help us to analyze the soundness
of aspect-oriented business process models.
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Figure 8. Aspect-Oriented nets defined for our sample scenario [6]

Figure 9. Weaving the sample scenario [6]

Dynamic Weaving

The feasibility of implementation of dynamic weaving was investigated by us in another work [10].
The implementation is an instance of monitoring pointcuts and dynamic weaving sub-nets in
our semantics. Therefore, the whole model can be used as a blueprint to support enactment of
aspect-oriented business process models in Business Process Management Systems.

4.2 Verification of Semantics of the Model

The presented CPN model allows us to verify the design of our artifact using state space analysis
technique. The verification is a complicated task due to the numerous types of advices and their
possible combinations that may be triggered by an activity. We divide all the possible situations
into three groups and define three abstract scenarios to characterize them. We aimed to support both
retroactive and non-retroactive advices using our approach. Therefore, the following scenarios are
defined in order to investigate the correctness of our approach:

• Scenario 1: Introducing non-retroactive advice for a business process model while some of its
instances are currently executing.
• Scenario 2: Introducing retroactive advice for a business process model while some of its

instances are currently executing.
• Scenario 3: Introducing both a retroactive and non-retroactive advice for a business process

model while some of its instances are currently executing.
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We applied the state space analysis technique to investigate if:

• In Scenario 1, the non-retroactive advice is only applied to new cases, and old cases are not
affected.
• In Scenario 2, the retroactive advice is applied to both new and old cases.
• In Scenario 3, the non-retroactive advice is only applied to new cases, and old cases are not

affected; while the retroactive advice is applied for both new and old cases.

The result of applying state-space analysis techniques for these scenarios shows that all these
requirements are held by the model. In addition, the number of nodes and arcs for both State Space
results and Strongly Connected Component (SCC) graphs are the same, which indicates the lack
of cycle in our model. In each scenario, there is only one dead marking, which is equivalent to the
home marking. This indicates that there is only one final state in this model from which no other
states can be reached, which is the end marking. In addition, the reports state that there are no
infinite occurrence sequences or any live transition instances. The result of the general state space
analysis shows that our approach does not have any deadlocks or live-locks, and the net will be
properly ended.

4.3 Evaluating Usefulness and Easy to Use Features

To evaluate whether aspect-oriented business process models are useful and easy to use, we applied
the evaluation method which is proposed by Moody [25]. This method is proposed in order to
evaluate the information systems’ artifacts based on the technology acceptance model [26]. This
method considers the actual usage of an artifact as a variable which depends on the intention to
use of the artifact by users.

The perceptions of the users influence the intention to use. This perception can be evaluated
for efficiency and effectiveness of the artifacts, which is called perceived ease of use and perceived
usefulness respectively. The effort to complete a task is defined as efficiency, while the scale of
improving the quality of the result is defined as the effectiveness. This method is widely used to
evaluate artifacts in the business process management area (e.g. [27], [28]).

To the best of our knowledge, this is the first attempt to evaluate perceived ease of use and
usefulness of an AO-BPM approach. In this attempt, we evaluated two approaches, i.e. the
imperative (the approach that is presented in this article) and hybrid aspect-oriented business
process modeling approaches. The result of evaluation for the hybrid approach is published
in [1]. The evaluation is performed through a workshop with 28 students, of whom 20 were
bachelor and 8 were master level students. These students have been studying a course on business
process management. They learnt about business process modeling, analysis, configuration,
implementation, monitoring and mining. They experienced many tools during the course like
WoPeD for designing and analyzing business process models using Petri-nets; Signavio for
designing BPMN models; YAWL for modeling, analysis and enacting business processes using
YAWL notation; ProM for performing process mining activities. Thus, they had quite a good
background in this area, and they can be considered as good candidates to be novice process
analysts. The age of students varies, and 11 participants were females, and 17 were males.

We experienced better outcomes when students performed process design activities in groups of
two or three. Thus, in the workshop, we divided students into ten groups randomly, i.e. eight groups
of three and two groups of two students. We gave each group descriptions of the dealing business
processes of a bank that we have reported in [10]. We asked students to design process models
for the given cases. Then we asked them to apply a change in the model. Later, we introduced
aspect-oriented business process modeling, and we asked them to design the process using this
technique. Afterwards, we asked them to apply the change in the new model. Finally, we asked
every participant to fill a survey individually. The survey was designed based on the questionnaire
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given in [26]. This questionnaire was chosen with the aim of measuring the perceived usefulness
and ease of use of our approach based on the framework defined in this article. The details about
questions can be found in Appendix.

The survey contains two sets of questions to measure whether our proposed approach improves
usefulness (first set) and ease of use (second set) in comparison with a standard modeling approach.
Students could choose answers based on scales from extremely likely to extremely unlikely, which
are mapped to numbers from 7 to 1 respectively [26]. Figure 10 shows how our approach is
perceived regarding usefulness and ease of use. The medians for both measures are above five,
which shows that the majority of participants found the approach useful and easy to use. In general,
the usefulness is perceived by the participants to be slightly better than ease of use.

Perceived.Usefulness Perceived.Ease.of.Use

1
2

3
4

5
6

7

Measures

S
ca

le
s

Figure 10. Perceived Usefulness and Ease of Use of our approach in General

There were some comments by the audience about their overall opinion of applying AO-BPM
and its drawbacks. We received the following comments regarding the following question:
What is your overall opinion of applying AO-BPM?

• “It is useful and gives other ways on how to think to solve problems or challenges.”
• “Very flexible.”
• “It enhances the flexibility of the model; easier to change/modify.”
• “It was an effective way to show and apply changes.”
• “It makes modeling complex situations easier and more understandable.”
• “More accurate models.”

We also received the following comments regarding the following question:
What are the drawbacks of using AO-BPM in modeling business processes from your viewpoint?

• “Maybe it needs more practice and needs to be discussed with others to get more insights.”
• “Harder to get the full picture of the process.”
• “Could be hard to get a new overall view of the process model.”
• “It is harder to get a quick view of all the aspects of the model.”
• “It increases the number of models for one process.”

It is correct that the overall picture of the process would be harder to grasp by looking to
the aspect-oriented business process models, since one should understand the whole process by

37



looking at its fragments. However, static weaving is a solution to overcome this problem since it
can merge all pieces and generate a flattened version of the process, from which it is easier to get
the overall picture. Based on our evaluation, we hope that the proposed modeling approach can
provide an additional instrument to support the design of complex process models.

It should be noted that we only evaluated the easy to understand and easy to use aspects of
our approach from the students’ point of view. This means that we cannot conclude whether our
approach could be accepted by practitioners. Such a conclusion requires further evaluation of the
approach in the future.

5 Related Work

In this section, we discuss related works. The separation of cross-cutting concerns has been
investigated in different areas. This investigation was performed first in the Programming area,
called Aspect Oriented Programming (AOP) [29], [30]. This new encapsulation technique helped
programmers to separate different concerns such as security and privacy, which helped them to
overcome the complexity of developing very complex programs.

This idea had inspired two other paradigms, i.e., requirement engineering [31] and service
composition [32], [33], [34], [35]. In requirement engineering, the aspect-oriented approach aims
to support separation of cross-cutting functional and non-functional properties of requirements so
as to enhance their mapping and development [31]. In service composition, it aims at enabling
developers to encapsulate cross-cutting concerns as modules and enforcing their execution at the
right moment. Aspect-Oriented Service Composition inspired researchers to work on separation
of concerns in the context of business process models. In business process management, there are
different attempts to support separation of cross-cutting concerns from process models at different
phases.

To support the design phase, the idea of aspect-oriented business process modeling is proposed
by Charfi et al. [5] and Cappelli et al. [3]. Cappelli et al. [3] developed a tool to support the building
of such models, called CrossOryX, which is based on Oryx [36] framework. The definitions of
aspect-oriented business process modeling are formalized by Jalali et al. [4]. These works focus
on BPMN notation, which is an imperative business process modeling. Thereafter, Jalali et al.
proposed two different approaches for declarative [37] and hybrid [38] aspect-oriented business
process modeling.

In addition to these works, some researchers proposed some approaches to support the discovery
of aspect-oriented business process models, e.g. [39], [40], [41], [42]. The list of some open issues
in aspect-oriented business process modeling is provided by Santos et al. [43]. Jalali proposed a
framework that enables comparison of these approaches [44].

In respect of the analysis phase, there has been a gap in the definition of analysis techniques
to investigate the soundness of aspect-oriented business process models. This gap is addressed
by this article by formalizing the definition of aspect-oriented business process modeling using
the Petri-nets notation and definition of the static weaving algorithm. The implementation of
this algorithm enabled us to analyse aspect-oriented business process models using existing
analysis techniques such as place invariants [45], transition invariants [46], reachability graph [47],
woflan [48], etc.

To support the configuration/implementation phase, Jalali et al. [9] defined the operational
semantics of dynamic weaving using Coloured Petri-nets. This approach only supports the
definition and management of the retroactive cross-cutting concern. In this article we extended
this definition to support non-retroactive approaches.

To support the run/adjustment phase, Jalali et al. implemented a service in Yet Another
Workflow Language (YAWL) [14], called Aspect Service [8], [10]. They also explained how this
approach could support agile business process development in organizations [49].
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To support the data-based analysis phase, Jalali proposed an approach to do aspect mining in
BPM [50]. The discovery part of the approach is further investigated by Brandão et al. to identify
cross-cutting concerns automatically from event logs, using cloning and clustering methods [51].

All of these approaches focus only on managing retroactive cross-cutting concerns, and they
cannot handle non-retroactive ones. This work extends the area of Aspect-Oriented Business
Process Management by defining a new approach to fill this gap.

6 Conclusion

In this article, we defined an Aspect-Oriented Business Process Modeling Language that can
support separation of both non-retroactive and retroactive cross-cutting concerns in business
process management. The syntax and the semantics of the language are formalized. The
formalization of syntax is defined based on Petri-nets. The semantics are defined by formalizing
both static and hybrid semantics. The static semantics are specified through the definition of the
static weaving algorithm, and the hybrid semantics are specified using Coloured Petri-Nets.

The formalized syntax and semantics not only enables development of tools to support this
notation, but also enables checking the correctness of these models. Such checking is important
since it enables analysis of business process models; and it enables designers to find and fix the
design problems.

The approach is evaluated based on three important aspects, i.e. feasibility study of the
implementation, verification of the semantics of the model, and evaluation of the usefulness and
ease of use of aspect-oriented business process modeling.

The feasibility study of the implementation is demonstrated by implementing both static weaving
and dynamic weaving in a business process management system. The implementations show
the feasibility of implementing the defined syntax and semantics in current business process
management systems, which can help to extend the functionality of other workflow management
systems or business process management systems, based on these definitions.

The verification of the semantics is performed by implementing the semantics in CPN Tools
and applying the state space analysis technique. Such verification ensures the absence of design
problems in defined syntax and semantics, which is important and hard to check, due to multiple
possible concurrent message passing that can be performed in the business process management
systems.

The evaluation of usefulness and ease of use of the language is performed by applying the
Technology Acceptance Model during a workshop session. This evaluation shows that users
perceived the approach both easy to understand and easy to use. This is a very important evaluation
aspect, since artifacts that are hard to use may thus not be used in practice.

The result can help different vendors and researchers, in the future, to extend the capability of
Business Process Management Systems to support separation of cross-cutting concerns.
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Appendix
This appendix describes the structure of the survey and other relevant contents to promote a better
understanding of the experimental material.

Structure of the survey

Students could choose answers based on scales from extremely likely to extremely unlikely. Here is
the range of the scale among which students could select one option.

• extremely likely
• quite likely
• slightly likely
• neither likely nor unlikely
• slightly unlikely
• quite unlikely
• extremely unlikely

These options (with the specified order) are mapped to an ordinal scale where the extremely
likely option is mapped to 7 and extremely unlikely option is mapped to 1.

In the following sections, we describe the two sets of questions for measuring the perceived
usefulness and the perceived ease of use of our approach.

Questions for measuring Perceived Usefulness

These are the questions used to measure the perceived usefulness of our approach. The questions
are designed based on the technology acceptance model [26].

• A.1.1. Using AO-BPM in this experience enabled me to model business processes more
quickly.
• A.1.2. Using AO-BPM in this experience improved my performance when modeling business

processes.
• A.1.3. Using AO-BPM in this experience increased my productivity when modeling business

processes.
• A.1.4. Using AO-BPM in this experience enhanced my effectiveness on modeling business

processes.
• A.1.5. Using AO-BPM in this experience made it easier for me to model business processes.
• A.1.6. I found AO-BPM useful in this experience.
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Questions for measuring Perceived Ease of Use

These are the questions used to measure the perceived ease of use of our approach. Also in this
case, the questions are designed based on the technology acceptance model.

• A.2.1. Learning how to use AO-BPM was easy for me.
• A.2.2. I found it easy to get AO-BPM to do what I wanted to do.
• A.2.3. I found AO-BPM understandable and clear.
• A.2.4. I found AO-BPM flexible to be used in modeling business processes.
• A.2.5. It was easy for me to become skilful at using AO-BPM.
• A.2.6. I found AO-BPM easy to use.

Evaluation results in detail

Figure below shows the results of the evaluation in detail. In general, we received quite good
feedback from participants for all measures. None of the median for perceived usefulness and easy
to use is below 6 and 5 respectively. This indicates good perceived usefulness and ease of use in
general. The feedbacks for measures A.2.3. and A.2.5. varies the most, which indicates that the
approach is not perceived as easy as other measures in regards for learning.
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Perceived Usefulness and Ease of Use of our approach in detail
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