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Abstract
Purpose – The purpose of this paper is to present the proposal of a Product Line (PL)-based approach
for Business Process Management (BPM) projects that cover the entire BPM lifecycle and proposes
integrating it with dynamic techniques still not used together.
Design/methodology/approach – The authors carried out this work using the design science
research methodology. The authors assessed the proposed approach using a classification procedure
created through a series of specific attributes, which enables a comparison of the proposed integrated
approach with related works selected from a systematic literature review.
Findings – The comparative assessment has shown that the proposed approach presents the most
comprehensive solution than any other similar one suggested for the same purpose, mainly in terms of
the coverage of the entire BPM lifecycle and dynamic techniques.
Research limitations/implications – Due to the high-level conceptual nature of the proposed
approach, the authors could not evaluate it also in terms of some controlled experiment or a case study.
Originality/value – The proposed approach aims at improving the management of business
processes in organizations in a systematic way using concepts and techniques that exist in other areas,
but not widely used together yet, such as BPM, service-oriented computing, and Software PL.
Keywords Software product line, Dynamic product line, Service-oriented computing, BPM lifecycle,
Dynamic processes
Paper type Conceptual paper

1. Introduction
The current complexity of organizations as well as the competitive market have required
dynamism from the Information Technology (IT) in order to provide technical solutions
to conduct business (Overby et al., 2006). In this context, Business Process Management
(BPM) (van der Aalst et al., 2003; Weske et al., 2004) and Software Product Line (PL for
short) (Clements and Northrop, 2001; Pohl et al., 2005) may provide technical and
systematic support to improve the competitive edge of organizations (Adam et al., 2012).

BPM can be integrated with Service-oriented Architecture (SOA) aiming at achieving
strategic alignment among business-related areas and IT (Kearns and Sabherwal, 2006;
Jensen et al., 2008). It is particularly important to synchronize IT resources and
efforts with the key strategic business objectives of an organization (Kearns andBusiness Process Management
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Sabherwal, 2006). In BPM, the focus is on managing the business processes (BPs) to align
the different organization activities in cross-flows (Weske, 2007). On the other hand, SOA
provides a modern and flexible platform that supports those processes through
a combination of structured IT resources based on the service-orientation paradigm
(Papazoglou et al., 2008).

PL explores software reuse for developing a family of products with market-reduced
time and with improved quality (Clements and Northrop, 2001; Pohl et al., 2005). PL has
been successfully used in various application domains, including BPM (Fantinato et al.,
2006, 2010), thus it can provide a systematic approach to increase both the quality and
the productivity of organizations that use BPM and SOA to support their BPs (Adam et
al., 2012; Jensen et al., 2008). In fact, different approaches and techniques from Software
Engineering, or Computer Science in general, have been used to improve the BPM field,
in diverse aspects, including efficiency, effectiveness, quality and economy. Some
examples of such initiatives involve applying aspect-oriented paradigm (Santos et al.,
2012), software metrics (González et al., 2010), component-based development (Fettke
and Loos, 2007) and data mining (Jareevongpiboon and Janecek, 2013). In this context,
this work advances the BPM field with the same general purpose.

Specifically in terms of PL approaches in Software Engineering, Dynamic PLs are
a specific type of PL that produces software to adapt to changes to meet user needs,
considering resource constraints (Hallsteinsen et al., 2008). Dynamic PLs are built
around the central idea of a typical PL, but with some important differences in terms
of dynamic properties (Hallsteinsen et al., 2008), which are: first, dynamic variability –
configuration and binding at runtime; second, changes binding several times during its
lifetime; third, variation points change at runtime; fourth, deals with unexpected
changes; fifth, deals with changes by users, such as functional or quality requirements;
sixth, context awareness and situation awareness; seventh, autonomic or self-adaptive
properties; eighth, automatic decision making; and finally, individual environment/
context situation instead of a market.

Hence, Dynamic PLs are applicable to the BPM domain in order to meet dynamism
requirements of IT infrastructure such as stated by Overby et al. (2006). However, few
works aiming to treat BPM based on Dynamic PL have been proposed so far.
According to a Systematic Literature Review (SLR) conducted by Rocha and Fantinato
(2013), 15 papers were found which address some dynamic aspect in their proposed
approaches, from 63 papers selected as primary studies. Nevertheless, all these 15
papers address only some specific dynamic feature, instead of being a comprehensive
dynamic approach of PL for BPM. Moreover, none of them addresses all the phases of
the BPM lifecycle.

This paper offers an integrated (symmetrical) conceptual approach essentially to
integrate the central, but asymmetrical features of managing BPs. Fundamentally,
the proposal is a simulation. Its value derives from mining unfulfilled territories.
Yet, assessment and application levels for practice remain uncharted.

The proposed approach is called Dynamic Product Line for Business Process
Management (DynPL4BPM), which merges concepts of BPM, SOA and Dynamic PLs,
in order to improve the management of BPs in organizations in a systematic way.
DynPL4BPM was devised defining PL processes for BPM that encompass the entire
BPM lifecycle and systematically address dynamic properties at different stages of the
BPM lifecycle. These dynamic properties rely primarily on the underlying technological
foundation of SOA. We identified these dynamic properties by analyzing existing
techniques, which address dynamic properties of BPM. We assessed the DynPL4BPM
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approach using a classification procedure created through a series of specific attributes,
which enables a comparison of the proposed approach with related works selected
from a SLR.

The remainder of this paper is structured as follows: Section 2 complements this
introductory section with a motivational example which is further used in subsequent
sections to illustrate the proposed approach; Section 3 presents basic concepts relating
to BPM and PL, and related works; Section 4 outlines DynPL4BPM, proposed in this
paper; Section 5 presents the DynPL4BPM stages in more details and includes
a discussion regarding the dynamic properties handled in each stage; and, lastly,
Section 6 sets out conclusions and suggestions for future works.

2. Motivational example
Commonly, the BPs addressed by organizations today are interorganizational
processes, i.e., they extend beyond the boundaries of a single organization (Legner
and Wende, 2007). While an organization focusses its activities on its key fields of
knowledge, it usually outsources activities over which it does not have full command or
knowledge, thereby engaging partner organizations in its BPs – and ultimately
establishing interorganizational BPs. In this light, the BPs of a principal organization
involve both activities performed within the organizations itself, probably through
different departments, and interactions with external partners.

Here we examine an actual case of interorganizational BPs, described by Fuchsloch
and Hoyer (2010). It consists of a strategy to internationalize the brand name of a large
organization from Hamburg, Germany – called AllSport.

For the purpose of the strategy, the organization’s marketing and sales departments
have primary responsibility for advertising a new product at the Madrid Marathon in
Spain. The Madrid Marathon is a specific instance, and, indeed, there may be other
marathons or sporting events at which AllSport could be interested in advertising.

To advertise the product in this specific instance, AllSport should establish a
partnership with a local marketing agency with extensive knowledge of local suppliers and
service providers, as well as other potential partners. This type of partnership has been
common and essential to the success of internationalization strategies, as local marketing
agencies are better equipped to respond quickly to the needs of the strategy outlined by the
contracting organization. The selected marketing agency was PromoBueno – a mid-sized
company located in Madrid, Spain. PromoBueno offers its clients a variety of services,
including the organization of promotional activities at fairs and events, brand advertising
and marketing campaigns.

The example presented is a typical case in which the application of systematic reuse –
through PL principles – is capable of contributing to AllSport’s organizational strategy
and in which the following ordinary characteristics of dynamic scenarios may occur.
Since this case is only a motivation scenario, we do not present details about it and we
assume that missing information is inferable or not essential to its understanding.

Below, we present some examples of cases in which reuse can help this organization:
• Service suppliers may not meet the established non-functional requirements such

as the contracted Quality of Service (QoS) attributes, which could result in the
selection of other service suppliers during runtime.

• The laws of some countries may impose several restrictions on the operations of
external companies, requiring flexible organizational processes to change or
adapt to different situations and to specific contexts.
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• The organization realizes that the pre-determined promotional marketing
strategy is not properly adapted and, therefore, requires intervention, such as the
dynamic addition of a new activity to the process instance under execution.

• Some organization creates a law – domestic or international, which imposes a
series of restrictions on organizations. Consequently, the BP model cannot
predict all of the dynamics in the external environment. As such, the business
model must comply with the law. In addition, the process instances currently
under execution must also comply with these law changes.

This motivational example is important since it represents the type of target scenario
for the approach that we present in this paper. This example, like many similar others,
must be dynamic and requires flexible business organization processes, in this specific
case, for purposes of contracting marketing agencies with primary responsibility for
advertising the product in that specific market. In addition, this case offers potential
variabilities that we will explore in the description of the approach provided in this
paper, among them sporting events, which may vary concerning the specific athletic
contest and venue, requiring more flexible BPs to meet the established organizational
strategies. Further, this type of organization may use web services to identify sporting
events held in a specific geographic region.

3. Theoretical background
This theoretical background section presents the basic concepts related to BPM
(Section 2.1) and to PL (Section 2.2), which are used in the rest of the paper. Furthermore,
it also presents the related works to the approach prosed in this paper (Section 2.3).

3.1 BPM
BPM has been presented as a key factor to the success of an IT infrastructure prepared
for today’s organizational demands (Jensen et al., 2008). It oversees how work is
performed in an organization to ensure consistent outcomes and to take advantage of
improvement (e.g. reduce costs, execution times and error rates) opportunities (Dumas
et al., 2013). Moreover, BPM has been seen as a competitive edge as it can determine
and exhibit the organizational maturity levels (Fantinato et al., 2010).

According to van der Aalst et al. (2003), BPM includes methods, techniques and tools
to support the design, enactment, management and analysis of operational BPs. Still
according to van der Aalst et al. (2003), BPM is therefore an extension of classical
workflow management approaches and systems.

A BP consists of a set of tasks performed in a specific sequence to achieve a common
business goal (Weske, 2007; Lindsay et al., 2003). BPs are what companies do whenever
they deliver a service or a product to costumers (Dumas et al., 2013). The BPM lifecycle
includes several phases, such as: BP modeling; BP model instantiation; BP enactment
and administration; BP monitoring and auditing; and BP assessment and optimization
(van der Aalst et al., 2003; Weske et al., 2004). In the last phase, the execution history
can be analyzed, looking for ways to improve the BP, which leads to BP remodeling,
restarting the cycle all over again (Weske, 2007). Considering the current market
dynamics, each sequence in such lifecycles is usually completed in a very short time,
due to the constant need for new versions of the BPs running in organizations
(Fantinato et al., 2012).

Several specification and modeling languages and tools have been proposed to be
used in BPM, from which the Business Process Model and Notation (BPMN) language
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(OMG − Object Management Group, 2011) has become the “de facto” standard language
to represent BPs. Nevertheless, other languages such as UML activity diagrams have
also been used for modeling BPs (Russell et al., 2006; Zhang and Duan, 2008).

In order to make the management and integration of BPs possible, from a technical
point of view, different technologies have been proposed, including, not so recently, the
middleware frameworks such as CORBA, DCOM and Java-RMI (Alonso et al., 2004), which
were properly used in the intra-organizational context. As the need for interoperability has
evolved toward interorganizational cooperation, those existing solutions failed to meet
their objectives (Alonso et al., 2004). Such limitations were finally resolved when SOA and
their implementations emerged (Leymann et al., 2002), mainly through the web services
technology, offering new perspectives to this need and providing, for example, the
composition of e-services through Web Services Business Process Execution Language
(WS-BPEL) (Jordan et al., 2007) to enable the execution of BPs.

3.2 Software PL
Software PL is a set of software-intensive systems that share a common and managed
set of properties that satisfy specific needs of a particular market segment or mission,
which are developed from a common set of core assets in a prescribed way (Clements
and Northrop, 2001). Different PL approaches share a set of key concepts (Pohl et al.,
2005), with slight differences among them. The key concepts usually presented in PLs
are: Domain Engineering, Application Engineering, PL Architecture and Variability
Management (Clements and Northrop, 2001; Pohl et al., 2005).

The systematic PL Engineering has three processes –Domain Engineering, Application
Engineering and PL Management – with all of them using the PL Architecture as a base
artifact (Pohl et al., 2005). The PL Architecture is one of the most important PL artifacts
since it represents its core infrastructure (Clements and Northrop, 2001) as well as the
configurations of modules and components that satisfy a given set of selected features.
It also provides ideas for the reuse of opportunities (Kang et al., 1998). Variabilities are
tangible differences between products that can be revealed and distributed among PL
artifacts (Bosch et al., 2001), including the architecture, components and interfaces between
them. Variations are revealable at any step during development, starting with the
requirements analysis, and therefore need to be well managed (Pohl et al., 2005). Feature
Modeling is one of the most used techniques for Variability Management (Kang et al., 1998).

Dynamic PLs are specific types of PL and produce software that can adapt to
changes to meet user needs, considering resource constraints (Hallsteinsen et al., 2008).
Dynamic PLs have been identified as a promising strategy to address the design and
implementation of changes that need to be carried out at runtime in new areas of
application (Burégio et al., 2010). Although Dynamic PLs are built based on the central
idea of a typical PL, there are differences between them, since Dynamic PLs have many
of the following properties: dynamic variability; configuration and binding at runtime;
changes binding several times during its lifetime; variation points change at runtime;
deals with unexpected changes; deals with changes by users, such as functional or
quality requirements; context awareness and situation awareness; autonomic or self-
adaptive properties; automatic decision making; and individual environment/context
situation instead of a market (Hallsteinsen et al., 2008).

3.3 Related work
Rocha and Fantinato (2013) conducted a SLR in which 63 works related to PL for
BPM were selected as primary studies based on established criteria. Of these works,
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only 15 address at least one type of dynamic properties. We assessed these 15
approaches using a classification scheme that considers specific attributes regarding
BPM, PL and Dynamic PL aspects.

The evaluation criteria established for the BPM aspect were the BPM lifecycle stages,
which were: design and analysis; configuration; execution; and evaluation (Weske, 2007).
In regard to the PL aspect, we considered the following concepts: Domain Engineering;
Application Engineering; PL Architecture; and Variability Management; in addition to
the specific PL variability management technique – Feature Modeling. We also adjusted
and, subsequently, incorporated the nine properties proposed by Hallsteinsen et al. (2008)
in the classification scheme.

Table I shows the classification scheme and the evaluation of each one of these
15 related works. Furthermore, Table I also includes, as a pre-reference, what is
the purpose of DynPL4BPM using the same classification criteria. We present the
assessment and comparison details in the following.

In regard to the BPM Lifecycle criteria, the results laid out in Table I and Figure 1
indicate that the related works consider only the first three phases of the BPM
lifecycle – design and analysis (P1), configuration (P2) and execution (P3). Approaches
that address the evaluation (P4) phase were not identified, which may have happen
because of the inherent complexity of the PL evolution, since changes in a single
PL asset could affect other assets and multiple products. Up to that point, the PL
approaches for BPM carry out the BPM lifecycle only partially, reaching only the
Execution phase. For DynPL4BPM, we propose also the evaluation phase, within the
PL management process, enabling conducting of the evaluation tasks, in a continuous
way, providing the possibility of completing the BPM lifecycle.

According to the data in Table I and Figure 2, extraction and synthesis of the data
identified evidence of the application, in selected related works, of the five PL concepts.
PL Architecture (L3), Variability Management (L4) and Feature Modeling (L5) were the
most frequent items found, respectively, in 60, 93 and 67 percent of the related works.
The second and third most frequent items were Domain Engineering (L1) and
Application Engineering (L2), both found in 40 percent of the related works. All related
works that presented the Application Engineering also presented the Domain
Engineering (see Table I). The coverage, according to the data laid out in Table I, leads
to the conclusion that the five PL Concepts were commonly applied, in combination,
in the PL approaches for BPM. However, only 20 percent of these works covered all of
the five PL concepts, which is the purpose of DynPL4BPM.

In terms of Dynamic Properties of PLs, according to the data in Table I and Figure 3,
Dynamic Variability (D1) was the most frequent property, since it appeared in 80 percent
of the related works. The second most frequent item was Variation points change at
runtime (D3), found in 67 percent of the total. Only one related work, corresponding to
7 percent of the total of 15 assessed works in the comparative analysis covered various
dynamic properties, including Deals with unexpected changes (D4), Deals with changes
by users (D5), Autonomic or self-adaptive properties (D7), Automatic decision making
(D8) and Individual environment/context situation instead of a market (D9). The selected
related works did not address the Context awareness and situation awareness (D6)
property; and only one related work addressed the Changes binding several times during
its lifetime (D2) property.

As affirmed by Hallsteinsen et al. (2008), namely, that the PL may only be considered
dynamic if it possesses a majority, or all, of these properties, we propose DynPL4BPM
as the approach that most approximates an Dynamic PL, in comparison to the other
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approaches examined here. DyPL4BPM addresses seven dynamic properties,
followed by the approaches presented by Altintas and Cetin (2008), addressing five
dynamic properties, and Khoshnevis (2012), addressing four dynamic properties.
General analysis for all the related works can demonstrate that DynPL4BPM is the
most complete one when these comparison criteria are used. For example, although
the approach presented by Altintas and Cetin (2008) presents also a good number of
dynamic properties, it does that upon a very weak PL for BPM approach, with only one
phase of the BPM lifecycle and only one PL concept. Similar general analysis can be
done in relation to all the other related works as presented in Table I.

4. Overview of the DynPL4BPM approach
By using concepts of the PL from the Software Engineering field, the DynPL4BPM is
an approach proposed to systematize the operational processes for managing
the BPs of an organization. Since the BPM context demands flexible and dynamic
solutions, more specifically, concepts of Dynamic PLs are used. The DynPL4BPM
approach proposed here aims to be comprehensive enough to cover the entire
BPM lifecycle, including the treatment of dynamic aspects that the BPM
domain requires.

This overview section demonstrates DynPL4BPM. First, it presents the general
processes defined for the approach and then it describes an overview of the strategy
adopted for the treatment of dynamic properties within such processes.

Figure 4 depicts the DynPL4BPM processes. There are three processes: Domain
Engineering, Application Engineering and PL Management, which are equivalent to
PL processes but centered on BPM. In such instances, the BP is the “product” or
“application” developed by the PL and subsequently executed and evolved.

Three works drove the approach design:

(1) the PL4BPM processes proposed by Fantinato et al. (2006) and Fantinato et al.
(2010), which were used as the original reference;
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(2) the three areas of the Framework Software Product Line Practice (PLP) proposed
by Clements and Northrop (2001): core asset development, product development
and management, which were base for the three processes in Figure 4; and

(3) the four BPM lifecycle activities proposed byWeske (2007): design and analysis,
configuration, enactment and evaluation, which were base for the 12 stages in
Figure 4.

The Domain Engineering and Application Engineering processes of DynPL4BPM was
reused and adapted from the two PL processes proposed for the PL4BPM approach
(Fantinato et al., 2006, 2010). The PL4BPM processes comprise five stages, which are
focussed only on the first three phases of BPM lifecycle. As a result, DynPL4BPM
introduced three new stages in order to encompass the entire BMP lifecycle. To manage
and evolve BPs, the PL Management process of DynPL4BPM adapted the concepts of
management and evolution of PLs proposed by the PLP approach (Clements and
Northrop, 2001).

One of the key objectives of DynPL4BPM is to handle dynamic properties.
For example, dynamic selection of web services is already an explicitly property
provided to compose the BP under execution at runtime. However, there are also other
dynamic properties based on the demands of these approaches and technologies that
are addressable within the PL approach for BPM supported by SOA.

Therefore, we investigated which dynamic properties could be incorporated to the
DynPL4BPM processes, based on potential benefits and limitations. Approaches of
Dynamic PLs are important sources of investigation since they provide strategies for
addressing product adaptations at runtime. Then, we identified new types of properties
associated with Dynamic PLs that are applicable in the BPM context, having the SOA
paradigm as the underlying technological basis.

SOA includes a series of dynamic properties, when evaluated independently, which
are extensible to the BPM context using SOA in the BPs enactment. The challenge is to
ensure that these dynamic properties are addressed within the PL approach in
conjunction with BPM, which had previously displayed benefits even prior to taking
into account relevant dynamic properties. Thus, we identified the nine properties of
Dynamic PLs cited by Hallsteinsen et al. (2008) as a guideline to the proposition of
DynPL4BPM because they provide the theoretical bases suited to BPM contexts.
From these nine dynamic properties, we selected seven of them as more suitable for
DynPL4BPM, which are presented below:

(1) dynamic variability: configuration and binding at runtime;

(2) changes binding several times during its lifetime;

(3) variation points change at runtime: variation point addition;

(4) deals with unexpected changes (in some limited way);

(5) deals with changes by users, such as functional or quality requirements;

(6) autonomic or self-adaptive properties; and

(7) automatic decision making.

As they have not been widely explored yet, even in the general context of PL, the other
two dynamic properties, as cited by Hallsteinsen et al. (2008), were not considered.
These other two dynamic properties are: “Context awareness and situation awareness”
and “Individual environment/context situation instead of a market.”

1234

BPMJ
21,6

D
ow

nl
oa

de
d 

by
 U

SP
 A

t 0
4:

01
 2

1 
O

ct
ob

er
 2

01
5 

(P
T

)



In the next section, we present each DynPL4BPM process and detail the stages,
including a discussion regarding the dynamic properties handled by each stage.

5. Description of the DynPL4BPM processes and stages
This detailed section sets out the stages for the three processes of DynPL4BPM –
Domain Engineering (Section 5.1), Application Engineering (Section 5.2) and PL
Management (Section 5.3), including treatment of dynamic properties for BPM through
the application of identified techniques. Aiming at a better understanding of the
approach being proposed, the motivation scenario presented in Section 2 is used here as
an illustrative example. For this example, we present some excerpts of the main
artifacts generated by the application of the DynPL4BPM.

5.1 Domain engineering
The Domain Engineering process establishes and maintains the reusable PL platform
for BPM and sets out the shared points and variables of the BP. The resulting artifacts
should be BP templates for the Application Engineering stages. Figure 5 shows an
overview of the Domain Engineering process and the following subsections detail each
stage of this process.

1.A BP domain analysis. This BP Domain Analysis stage produces the BP Domain
Model, an artifact that defines, to a high degree, the main properties of the BP,
including the organizations or departments involved in the BP, the service demands to
be offered and used by each party involved, and possible non-functional requirements
associated to those demands. The main artifact to be produced is a Feature Model
(Kang et al., 1998) that defines the mandatory, optional and alternative properties,
to which all of the other artifacts produced in the remaining stages must be linked.
The Feature Model should clearly delineate which properties represent services that
implements the BPs and which services share the same binding time. Considering the
motivation scenario presented in Section 2, the Feature Model presented in Figure 6
was elaborated as part of the illustrative example of the artifacts to be produced using
DynPL4BPM.

According to this Feature Model, “Business Opportunity” and “Promotional
Marketing” are examples of mandatory features, i.e. features that must be included in
the configured feature model, during the process Application Engineering. Moreover,
“Media” is an example of optional feature so that it can or cannot be selected to be part
of the configure feature model. Moreover, “Promotional Events” and “Offers” are
examples of alternative features – XOR and OR – respectively.

We recommend the use of the method proposed by Lee et al. (2008) to address these
concerns and the dynamic properties of the PL in this BP Domain Analysis stage.
This technique restructures the Feature Model by dividing it into two categories: first,
orchestrating service layer – representing behavioral features, i.e., those that only
define the sequence of the BP and which are not necessarily carried out by web services
and second, molecular service layer – representing computer services features, i.e.,
a predefined task to be conducted by an IT system or a person. Figure 7 depicts the
result of the application of this method to the Feature Model shown in Figure 6.

By using the strategies presented above, this BP Domain Analysis handles the
dynamic properties “Dynamic variability” and “Variation points change at runtime”
that are related to PL variability management.
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2.A BP design. This BP Design stage produces artifacts related to the BP Design of the
PL for BPM, i.e., artifacts that connect the BP Domain with the BP Implementation.
DynPL4BPM provides two inter-related artifacts for this BP Design stage: BP Model
and Business Level Agreements (BLA). The first, developed in the BPMN, defines the
flow of modeled activities to meet the functional properties required in the BP Domain
Model and, the second, for which a standard has not yet been established, defines
the quality rules associated to the modeled BP for the purpose of meeting the
non-functional properties required in the BP Domain Model. Both artifacts should be
systematically linked to the Feature Model to enable identification of which elements
are, for their part, mandatory, optional and alternatives.

In addition to the basic process modeling notation – in this case, BPMN – supporting
the development of the process model in the PL context also requires a technique that
captures how to use the information on the Feature Model to obtain the basic structure
of the BP Model. For DynPL4BPM, we selected the Business Family Engineering (BFE)
(Montero et al., 2008a, b) approach since: first, it provides a rigorous description of the
Feature Model and second, it establishes a mapping that defines how to use the
information drawn from the Feature Model to obtain the basic structure of the BP.
We applied BFE and obtained a BPMN model for the Feature Models presented in
Figure 6. Figure 8 shows the high-level view of the resulting BPMN model.

BFE technique always generates a “Non-Overlap Composition,” i.e., the activities of the
BP model do not consume or provide any artifact and no sub-process is generated in order
for all activities to be carried out independently. Thus, as a following step, the original model
generated by BPE, laid out in Figure 8, was adapted in order to take into account the logical
sequencing of the activities, i.e., the activities that should be carried out concomitantly or
other constraints in terms of the execution order of the activities based on the DomainModel
elaborated in the previous stage. Figure 9 shows the adapted process. I this procedure, we
grouped the features, of the Feature Model presented in Figure 7, in the BPMN model by
using the “Group” element with the purpose of facilitating the identification of the mapping
conducted between the Feature Model (Figure 7) and the BP Model (Figure 9).

This BP Design stage handles the dynamic property “Deals with changes by users,
such as functional or quality requirements” by using late binding and late modeling
techniques, as discussed by Weber et al. (2009). Through late binding, the activities are
modeled simply as reserve space, namely as an abstract BP Model. At runtime, an
adequate service is selected and connected to the process activity. DynPL4BPM
incorporates aspects of late binding, which possesses an abstract model defined at
design time. The services that execute those activities are selected at runtime. Late
Modeling consists in defining parts of the process or the entire process at runtime
(Weber et al., 2009). The model defined at runtime may or may not be controlled by
guidelines or restrictions, both defined at design time.

3.A BP implementation. This BP Implementation stage generates BP artifacts at a
more technical level, i.e., at the BP execution level. To this end, DynPL4BPM provides
two inter-related artifacts: Executable BP and the associated Service Level Agreements
(SLA). The former, developed in WS-BPEL and WSDL – as shown in Figures 10
and 11, respectively – and derived from the BPModel, defines the executable version of
activities in order to meet the functional properties required in the BP Domain Model.
The latter, written in WS-Policy or WS-Agreement and derived from the BLAs, defines
the QoS rules for the associated Executable BP, with a view to meet the required non-
functional properties. Figure 12 shows part of a SLA specification.
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A BP Model
obtained through
application of the
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Montero et al. (2008)
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A refined BP Model
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Nevertheless, both artifacts must be systematically linked to the respective parts of the
artifacts used for their derivations, which, for their part, are connected to the features
of the Feature Model, in order to enable identification of which elements are either
mandatory, optional and alternative. In this way, both artifacts are usable as templates
during the Application Engineering process. To ensure traceability between artifacts,
the two templates generated in this BP Implementation stage – Executable BP and
SLAs – should be annotated. The annotations correspond to comments in XML,
connecting the elements generated through an identifier.

main
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Executable
BP developed
in WS-BPEL
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Non-functional properties may be related to BLA and SLA alike, where BLA is aimed at
guaranteeing fulfillment of these requirements from a BPModel perspective, while SLA
is designed to guarantee quality at the service level. The ideal outcome is that the
business objectives, specifically in terms of quality, be first represented through BLAs

Figure 11.
Executable BP

developed in WSDL

Figure 12.
A SLA specification

in WS-Policy
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during modeling of BPs in BPMN, so that these BLAs could serve as income for
developing SLAs during the establishment of Executable BP in WS-BPEL and WSDL,
in a top-down fashion. However, there is still no adequate solution for the representation
of BLAs and the subsequent derivation to SLAs. Although this translation mechanism
does not exist yet, the non-functional requirements identified in the “2.A BP Design” stage
needs to be transformed into an SLA. To this end, W3C recommends the usage of WS-
Agreement and WS-Policy to formalize the non-functional needs of web services within
an Executable BP.

Lastly, this BP Implementation stage handles the dynamic property “Changes
binding several times during its lifetime,” which is related to the dynamic composition
of BPs. In sum, two classes classify the composition strategies: creating of the abstract
service and binding moment (Fluegge et al., 2006). Creating of the abstract service
refers to the introduction of an abstract activities workflow, i.e., activities that do not
own implementation mechanisms and that, as such, must be connected to concrete
services for execution purposes.

4.A BP validation. This BP Validation stage consists in validating the artifacts
generated during the “3.A BP Implementation” stage, namely, Executable BP and SLA
artifacts, with a view to guarantee that these artifacts are in conformity with the
defined requirements of the PL for BPM, as modeled in the “1.A BP Domain Analysis”
stage and designed in the “2.A BP Design” stage. The validations carried out in this BP
Validation stage should consider the generic context of the BP developed in the PL.
Specifically, the various possibilities of application of such BP, which may occur in
different contexts during the Application Engineering process, should be taken into
account for the BP Validation.

In traditional Software Engineering, Software Testing activities are responsible for
the validation of the software implementation. At this point, there are various test
levels that address different default types, specifically: unit test, integration test and
system test (Lübke, 2007). A correlation between traditional software tests and service
composition tests is also possible. In this light, these test levels are applicable to web
service compositions.

In the specific case of DynPL4BPM, testing may consider both the BP functional
properties, represented by the WS-BPEL specification, and the non-functional
properties, represented by the WS-Policy or WS-Agreement specification. One test
challenge in the PL context, when applied to the Domain Engineering, involves testing
a generic artifact, which is useful in different configurations during the Application
Engineering and, therefore, should be tested through a variety of combinations.
However, integration and system tests are not feasible in this context, to the extent that
testing different combinations of the domain components leads to an exponential
increase in the test configurations (Tevanlinna et al., 2004).

5.2 Application engineering
This second process uses the reusable PL platform for BPM in a specific organization
or inter-organization context. The Application Engineering stages accomplish this
action on the basis of artifacts defined in the Domain Engineering stages, through
keeping the common points and resolving the variabilities of the BP. For each specific
desired application context sought in the same domain, this process should be executed
once. Figure 13 shows an overview of the process and the following subsections detail
each stage of this process.
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1.B Refinement of the BP domain model. This refinement stage refines the BP Domain
Model, which was created in the Domain Engineering process, to ensure that it
represents, in a high level of abstraction, the specific properties needed so that a BP can
be created for a specific need. These properties include, for example: service subsets
offered to and needed by each party involved, and specific non-functional requirements
related to these demands. The Feature Model created in the Domain Engineering
process should be configured for purposes of selecting optional and alternative
properties, which will define precisely how the remaining artifacts of the PL for BPM
should be derived for creation of this specific BP, as all of them are systematically
linked to the features of the Configured Feature Model. Figure 14 shows an example of
a Configured Feature Model.

This refinement stage handles the dynamic properties “Dynamic variability” and
“Variation points change at runtime” that are related to PL variability management.
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A configured
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2.B Refinement of the BP design. This refinement stage refines the BP Design artifacts,
which were created in the Domain Engineering process intended to be used here as
templates. To this purpose, DynPL4BPM derives the two inter-related artifacts – BP
Model and BLAs – based on the specific context desired for the new BP as represented
in the Configured Feature Model. For each specific BP derived from
a single domain, different refinements of the BP Design must be done, depending on
which optional and alternative features were selected during the “1.B Refinement of the
BP Domain Model” stage. During the refinement of the BP Design, a Configured BP
Model and Configured BLAs are generated. According to the illustrative example
presented in Figure 15, all of the elements associated to mandatory features or to
optional and/or alternative features selected during configuration of the Feature Model
are maintained. On the other hand, the optional and/or alternative features not selected
shall cause the removal of the respective parts of the BP Model and BLAs templates.

This refinement stage handles the dynamic property “Deals with changes by users”
that is related to Late Binding and Late Modeling techniques as a complement to the
respective stage in Domain Engineering (Weber et al., 2009). DynPL4BPM incorporates
Late Binding aspects by including an abstract model defined at design time, while the
services to carry out the process’ activities can be defined at runtime. Only adjustments
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necessary for each organization’s context should be executed. For BP Design defined
during Domain Engineering, general guidelines or constraints are defined. On the other
hand, during this refinement stage, the specific needs of the involved organizations
shall be considered. In regard to Late Modeling, it could also be a relevant contribution
to the “Deals with changes by users” property related to Dynamic PLs.

3.B Refinement of the BP implementation. This refinement stage transforms the
artifacts generated in the previous stage into artifacts to enable BP execution.
It employs as templates the inter-related artifacts of Domain Engineering: Executable
BP and SLAs. The artifacts generated in the “3.A BP Implementation” stage are
transformed, respectively, into a Configured Executable BP and Configured SLAs.
According to the illustrative example presented in Figure 16, similarly to the previous
stage, all of the parts of the templates associated to mandatory features or to optional
and/or alternative features selected during configuration of the Feature Modeling are
maintained in the Configured Executable BP and Configured SLAs. On the other hand,
the parts associated to optional and/or alternative features not selected in the
Configured Feature Modeling are removed from the template.

This refinement stage handles the dynamic property “Changes binding several
times during its life-time” that is related to the dynamic composition of the BPs. We
based the composition strategy used in DynPL4BPM on the manual workflow building
with biding at runtime (Fluegge et al., 2006). On the basis on the BP Implementation
artifact templates, which are ready to connect the services at runtime, only the
necessary adjustments should be carried out here, by adapting the requirements –
functional and non-functional – to the specific needs of each organization.

4.B Refinement of the BP validation. This refinement stage validates the artifacts
generated from the previous stage, i.e. Configured Executable BP and Configured
SLAs, to ensure they conform to the requirements of the PL for BPM. The specific
desired application for this BP shall be taken into account. In contrast to what should
occur during the “4.A BP Validation” stage, the validations carried out in this
refinement stage must consider the specific context of the refined BP being developed,
i.e., the specific application created during the Application Engineering process.
Integration and system tests were not feasible in the Domain Engineering cycle, as the
effort to test different combinations of the domain components result in an exponential
increase in test configurations (Tevanlinna et al., 2004). As such, an appropriate
strategy for this refinement stage is the “Distribution of Responsibilities” (Neto et al.,
2011), which consists in specifying test levels for each BP lifecycle. In other words, the
service compositions may be tested individually in the Domain Engineering; whereas
the pertinent integration, system and acceptance tests may occur during the
Application Engineering. This refinement stage handles the dynamic properties “Deals
with unexpected changes,” “Autonomic or self-adaptive properties” and “Automatic
decision making” that are related to runtime monitoring.

5.3 PL management
This third process manages the set of instances of a same BP that is to be executed,
monitored and, possibly, evaluated for purposes of optimization, based on the BP
derived from the Application Engineering process. The results of the evaluation can
lead to the evolution of the PL for BPM via two possible tracks: first, in the Domain
Engineering process – adjustments to the reusable platform artifacts in general or
second, in the Application Engineering process – a new application of the reusable PL
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platform for BPM, which simply initializes as a new set of configurations. Figure 17
shows an overview of the process and the following subsections detail each stage
of this process.

5 BPI execution and administration. This management stage provides
administrative support execution of BP Instances (BPI). Each BP derived from the
Application Engineering process is executed to meet a specific organizational demand.
Given the conceptual nature of BPs, the same process may be executed several times
for a set of different input data, referred here as BPI. BPI execution can be translated as
invocations of the web service which compose the Executable BP in WS-BPEL,
considering the QoS levels established in the SLAs. There are two possibilities for

PL Management n

PL Management 2

PL Management 1

5. BPI Execution
and Administration

7. Dynamic
Selection of Web

Services

6. BPI Monitoring

8. BPI Analysis

Execution Log

Monitoring
Log

Evaluation
Report

Figure 17.
Detailed view on the
PL management
process of
DynPL4BPM
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service invocation: static, when the web services are defined at design time, i.e., during
the “3.A BP Implementation” or “3.B Refinement of the BP Implementation” stages; or
dynamic, when the web services are defined at runtime – in this case, during the “7
Dynamic Selection of Web Services” stage. BPM Systems (BPMS) may be used to
manage BPI executions and to ensure that they are in conformity with the execution
restrictions specified in the Executable BP Model. BPMS also makes it possible to
maintain a log of BPI executions, an essential task for controlling PL evolution from BP
Evaluation.

6 BPI monitoring. This management stage verifies compliance with the SLAs
associated to the respective BP. If QoS violations are detected, a recovery strategy
should be applied. A possible reaction should be to carry out the “7 Dynamic
Selection of Web Services” stage to choose a new web service more satisfactory.
This BPI Monitoring stage also produces an important log – the Monitoring Log –
for each BPI under execution. This artifact is also used as an entry point to the “8 BPI
Analysis” stage. This management stage handles the dynamic properties “Deals
with unexpected changes,” “Autonomic or self-adaptive properties” and “Automatic
decision making” that are related to runtime monitoring. Effective monitoring and
recovery strategies for WS-BPEL service compositions should include a model of
common data, monitoring management infrastructure and recovery framework.
The Unified Framework proposed by Baresi et al. (2008) is appropriate for BPI
Monitoring, as it enables the accommodations of various monitoring approaches
which can be added as plug-ins.

7 Dynamic selection of web services. This management stage searches and selects
web services at runtime, in order to: first, implement BP activities which were
deliberately not linked to a web service at design time so that organizations could have
flexibility to make this selection dynamically at runtime or second, substitute other web
services which have failed to meet the SLAs contracted during the BPI execution. This
management stage handles the dynamic property “Changes binding several times
during its lifetime” that is directly related to the automatic composition of workflow-
based services. Workflow-based techniques are used mainly when the consumer has a
defined process model. Although Tizzo et al. (2011) proposed their technique based on
workflows, the selection of services through this approach is not appropriate for the
DynPL4BPM processes, as it only considers functional requirements. An adequate
technique must take into account non-functional requirements as well.

8 BPI analysis. This management stage performs an analysis of a specific BPI or of a
set of BPIs to potentially optimize the BP under execution. The goal is to provide an
opportunity to optimize the reusable platform at the domain level or, at least, the BP
used as the basis for generating instances at the application level. This activity results
in an Evaluation Report useful to indicate new versions of the whole PL for BP or
merely a specific BP in which the BPI is based. To evaluate the BPIs, process mining
techniques are applicable in an effort to detect bottlenecks or other identifiable trends
in the BPIs, based on the Execution Log and Monitoring Log. Process mining is a
research discipline that encompasses aspects relating to the Artificial Intelligence
field – such as machine learning and mining data. Process mining aims at discovering,
monitoring and improving real knowledge extraction processes based on event logs
generated (van der Aalst, 2011). Based on the items obtained from the application of
process mining, the result of the BPI Analysis can lead to evolution of the PL for BPM
in two ways: first, maintenance and consequent evolution of the reusable platform in
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general in the Domain Engineering process or second, a new application for a reusable
PL platform for BPM in the Application Engineering process through a new set of
configurations in the Refinement of the BP Domain Model process.

6. Conclusion and discussion
Flexibility in conducting organizational BPs is the main challenge the DynPL4BPM
approach seeks to address. In this light, the stages of DynPL4BPM incorporated
dynamic properties, at least partially, with a view to aligning the BPM and SOA
paradigms.

The main contributions of this work are: first, definition of complete PL processes
for BPM that covers all the BPM lifecycle, including the Evaluation phase, which is not
covered by the similar approaches and second, treatment of a majority of the dynamic
properties cited by Hallsteinsen et al. (2008), at different stages of the BPM lifecycle.

In regard to definition of complete PL processes for BPM, the similar approaches
related to DynPL4BPM that were found can be considered incomplete, given that such
approaches do not address the Evaluation phase. Considering that BPM extends to
classic Workflow approaches through adding the Evaluation phase (van der Aalst
et al., 2003), consequently the approaches prior to DynPL4BPM can be considered only
PLs for Workflow, but not PLs for BPM. As such, it is possible to conclude that
DynPL4BPM is a step toward a comprehensive PL approach for BPM.

In terms of dynamic properties, DynPL4BPM proposes the integrated use of a series
of existing techniques which together covers seven of nine of the properties considered
(Hallsteinsen et al., 2008). From 15 related works, containing PL approaches for BPM,
which present at least one of these properties, in average they present only two of them.
Two of them represent five and four properties of Dynamic PLs (Altintas and Cetin,
2008; Khoshnevis, 2012) but, on the other hand, they could not actually be considered
complete PL approaches for BPM, since they encompass, for example, only the first
phase of the BPM lifecycle.

So far, we based the assessment conducted on the proposed approach on comparing
it to similar approaches considering a set of expected features. Since no case study or
experiment has been conducted to assess the application of DynPL4BPM in solving
a problem, as metrics were not collected in order to draw more robust conclusions,
we intend as next steps to move forward in the assessment of the proposed
approach. Moreover, we intend, together with new assessments, to conduct actions that
enable organizations interested in the approach trying to put into practice the
processes proposed so that they could provide us feedback and we could carry out
improvements accordingly.
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