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Abstract

Nowadays, organizations demand automation and flexibility of business processes for responding quickly to a
great variety of emerging environmental changes. This need for flexible business processes demand systematic
approaches to facilitate the implementation of business processes lines to cover effectively the growing needs of
organizations. Two key factors in the design and implementation of agile business processes are reuse and
productivity. This article describes a software process model called BplSoa (Business processes lines based on
Service oriented architecture), which facilitates the development of business processes lines. The software process
model mentioned describes systematically the steps required to implement business processes lines, emphasizing
productivity through model-driven development and reuse through application of the principles of SPL (Software
Product Lines).
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1. Introduction

Competitiveness is a requirement for organizations seeking to meet the needs of their customers in a highly
dynamic and globalized environment. The organizations have competitive advantages to cover the diversity of
client needs when they implement continuous monitoring and improvement their business processes. The
identification, description and automatization of business processes are essential for monitoring tasks performance
and continuous improvement of business processes. The methodology of business process management — BPM,
allows organizations to apply design techniques and improvement of business processes [Weske, 2007], which
when is aligned with SOA (Service Oriented Architecture), the organizations obtain advantages translated in
business agility [Haitham and Riad, 2008]. Currently software systems-oriented business processes, not only exist
in one version that meets the global needs of a target market, however, there are many variations of software
systems oriented processes, which specialize and differentiate by the divergent needs of customers [Schnieders and
Puhlmann, 2006]. The study of the lines or families of business processes is a current area of research, which seeks
to apply the principles of systematic reuse approach defined by SPL (Software Product Lines) in the development
of high quality and low cost business processes.

Efforts have been made in research to contribute to the advancement of the study of the lines of business processes
[Delgado, 2010; Flavio, Santana and Romero, 2009; Mohsen, 2009; Montero, 2008; Schnieders and Puhlmann,
2006], but currently, there is not a set of guidelines for guiding the analysis, design and implementation of business
processes lines. This paper describes the research work that seeks to provide a software process model, to facilitate
analysis, design and development of business processes lines supported on SOA, by applying the principle of high
productivity of model-driven development and the mechanisms of systematic reuse defined by SPL.
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Specifically the software process model is called BplSoa, which integrates under a unified and simple scheme,
various contributions made by researchers in the area of business processes lines, for facilitating analysis, design
and implementation of business processes lines.The paper is organized as follows: section 1.1 describes the
motivation of research work, in section 2, we briefly review related concepts on which is based the present work, in
section 3 is described the problem definition, the section 4 describes the software process model proposed, in
section 5 is presented the related work and finally, section 6 presents some concluding remarks.

1.1 Motivation

The competitiveness of organizations is related to the effectiveness to provide timely solutions to customer needs,
which depend largely on the maturity level of the organization to continuously improve their business processes.
SOA plays a key role in the creation or modification of business processes in an organization, allowing reuse of
existing business functionality for exposing it as a service. To carry out this transformation is necessaryto provide
systematic mechanisms for service reuse [Flavio, Santana and Romero, 2009] to reduce costs and time of
deployment of business processes based on SOA. There have been researches which seek to integrate the principles
of software product lines (SPL) in the development of business processes. These works have provided advantages,
such as increase of the quality and a minor time of development, covering design phase and implementation phase,
besides briefly describing some technologies used in the implementation phases, giving as a result integration of
SPL and business processes, but that do not cover the full cycle of software development [Boffoli 2009; Flavio,
Santana and Romero, 2009; Mohsen, 2009; Schnieders and Puhlmann, 2006]. The above motivates the design of a
software process model based on the principle of systematic reuse and high productivity, in order to facilitate the
development of flexible business processes.

2. Basic concepts applied
2.1 Software Product Lines

A software product line (SPL) is a set of software-intensive systems sharing a common set of characteristics that satisfy
the specific needs of a particular market segment and that are developed from a common set of core assets in a
prescribed way [Clements and Northrop, 2002]. One strategy of SPL consists in systematic reuse of software
artifacts to enhance product quality and decrease the development time of a new software product.

A product line is developed based on a predefined set of common software assets, highly reusable and
customizable. The analysis, identification, designs and definition of a set of software assets requires an initial
investment to achieve reuse and personalization in the development of specific products in a product line. The main
motivations for creating a software product line are [Pohl, 2005]:

Reduced development cost

Reduced development time

Increased quality

Reduced maintenance effort

Improve estimation of development effort

2.2 Business Processes Family Engineering

The business processes family engineering is a modern approach of software development that enables rapid
development and deployment of cost-effective of process-oriented systems that fit the customer needs [Schnieders
and Puhlmann, 2006]. The business processes family engineering, applies engineering techniques of software
product lines to business process management, to develop business processes families. In this article we mention
business processes lines to refer to business processes families or set of business processes that share some
commonalities.

2.2 Model Driven Engineering

The goal of Model Driven Engineering — MDE, is effectively express the problem domain to combat the growing
complexity of current software systems through [Douglas, 2006]:

o Domain specific modeling languages that allow formalize the application structure, behavior, and
requirements within a particular domain.

e Transformation engines and generators that analyze certain aspects of the models and perform conversions of
these models to lowest abstraction models for finally doing conversions from these models to source code.
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3. Problem Definition

The objectives of the software industry are reducing costs, increasing quality, increasing productivity and reducing
software development time. It has been shown that these objectives can be achieved with the application of
principles of approaches as SPL (Software Product Lines) [Kentaro, 2010], and MDE (Model Driven Engineering)
[Wim, 2003]. Therefore, the following research questions arise around business processes:
e How to integrate SPL as a mechanism for systematic reuse and MDE as mechanism to improve the
productivity in a software process model to facilitate the development of business processes lines based on
SOA?
e How to integrate existing tools to support the development of business processes lines based on SOA?

This article aims to contribute to the advancement of the study of the development of business processes lines, in
particular, propose a software process model for facilitating the development of business processes lines based on
SOA. The software process model integrates the principle of systematic reuse of SPL and the principle of high
productivity of MDE. The software process model identifies and describes the main core assets and the activities
required by the design and implementation of a line of business processes based on SOA.

4. BplSoa, Software Process Model Proposed

The software process model proposed is called BplSoa (Business processes lines based on Service oriented
architecture), a model focused on model-driven development to facilitate the implementation of business processes
lines. The software process model, BplSoa, is a software process centered on the principles of high productivity
and reuse. High productivity is obtained by means of MDE through the use of models and model-to-model
transformations and model-to-code transformations. Reuse is incorporated by systematic reuse principles defined
through SPL. BplSoa guides and facilitates the development of business processes lines based on SOA, through
clear identification and definition of engineering disciplines and work products involved in the software process.

Table 1 describes the objectives, principles, benefits and disadvantages of the approaches MDE, SPL and SOA.
Table 1: Objectives, principles, benefits and disadvantages of MDE, SPL and SOA

Approach/ MDE SPL SOA
Characteristic
Objectives -Combat the growing complexity | - Develop sets of products that -Solve problems of integration and
of software systems platforms. together,satisfy the needs of a interoperability. [Papazoglou, 2006]
[Douglas, 2006] particular market segment or cover a -Increase organizational flexibility.
-Express domain concepts particular mission, through the [Carter, 2007]
effectively. [Douglas, 2006] exploitation of the common features
in various forms. [Clements and
Northrop, 2002]
Principles -Increasing productivity in -Variability, customization and Services principles [Erl, 2005]:
software development. [Douglas, | planned and systematic reuse of -Service reusability
2006] software assets. [Clements and -Service contract
Northrop, 2002] -Service loose coupling
-Service abstraction
-Service composability
-Service autonomy
-Service statelessness
-Service discoverability
Benefits -Increased productivity through -Increasing the quality of the products. | -Improving the integration of

model transformation engines
and code generators. [Douglas,
2006]

-Ease of development, debugging
and development tools for the use
of MDE. [Douglas, 2006]

[Clements and Northrop, 2002]
-Reduced development time.
[Clements and Northrop, 2002]
-Reduced development costs.
[Clements and Northrop, 2002]
-Increased customer satisfaction.
[Clements and Northrop, 2002]

heterogeneous systems. [Erl, 2005]
-Promotes design reusable services. [Erl,
2005]

-Leveraging the legacy investment. [Erl,
2005]

-Organizational Agility. [Erl, 2005]
-Establishment of a framework for
vendor-neutral communication. [Erl,
2005]

Disadvantages

-Desynchronization of the models
from code in later stages in a
project. [Douglas, 2006]

- Cost associated with the design,
implementation and maintenance of
software assets. [Clements and
Northrop, 2002]

-Lacks support for planned and systematic
reuse [Flavio, Santana and Romero, 2009]
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Based on the characteristics identified in Table 1, the following guidelines are identified to implement an
integration strategy of the approaches MDE, SPL and SOA to facilitate the development of business processes
lines:

e Apply mechanisms of planned and systematic reuse defined by SPL to design and implement services, in
order to cover the lack of SOA to support planned and systematic reuse of services.

e Increase productivity in the implementation of business processes lines based on service oriented
architecture, through the use of model-to-model and model-to-code transformations defined by MDE.

e Use feature models to define a set of business processes lines with common and variable characteristics
that represent services with business logic functionality.

e Use BPMN (Business Process Model and Notation) [OMG BPMN 2011] models to represent business
processes obtained through feature models.

e Use SoaML (Service Oriented Modeling Language) [OMG. SoaML 2012] models in order to represent
service oriented architecture that supports the execution of business processes.

Figure 1 illustrates the overall strategy proposed in order to facilitate the design and implementation of a business
processes line. The strategy proposes the use of feature models to represent the wvariability of the business
processes line, the use of BPMN notation to model business processes, the use of SoaML to model the services
architecture that supports the business processes, and proposes the use and implementation of transformations
fm2bp (feature model to business process model based on BPMN notation), bp2soa (business process model to
service oriented model), soa2code (service oriented model to services code).

In Figure 1 is illustrated the use of the approaches SPL, MDE and SOA for implementing business processes lines,
as follows:

e SPL: Identification of common and variable characteristics of a line of business processes, where each
feature represents an activity in a business process. ldentification and modeling of the commons and
variables characteristics is performed by means of a feature model that represents the set of business
processes that make up the business processes line. Each variable and common characteristic in the feature
model represents an activity that is subsequently mapped to a service within the SOA architecture required
to support the execution of business processes.

e MDE: Using models, metamodels and transformations from model-to-model and from model-to-code, for
improved productivity in development ofbusiness processes lines. The proposed metamodels for
implementing business processes lines are: metamodel of feature model that is used to represent the
business processes members of the line of processes. The resulting feature model is the input to obtain the
business processes based on the BPMN metamodel. The business processes models in BPMN is the input
of the transformation to a SOA model based on SoaMLmetamodel, which are used at the end of the
process to generate the source code for each service of the solution, in order to support the execution of the
business logic of each business process.

e SOA: mapping of each of the activities of the business process model to a service responsible for
implementing the business logic. Through the SOA model are identified the providers, consumers of
services, and the services architecture required to support the business processes.

The strategy described above is part of the software process model called BplSoa, with the aim of systematically
identify the steps necessary to facilitate the implementation of business processes lines, through the application of
the approaches SPL, MDE and SOA. Figure 2 illustrates BplSoa, dual software process model, which consists of
the domain engineering cycle and application engineering cycle corresponding the two cycles in which is divided
the product line engineering [Wim, 2003]. The following sections describe the engineering cycles of the software
process model called BplSoa.

4.1 Domain engineering cycle

The main objective of the domain engineering cycle is the identification, design and implementation of reusable
artifacts used in the application engineering cycle for derivation of business processes members of a business
processes line. Artifacts may correspond to reference architecture, a model, an executable component, a
deployment script, a test script or a requirements document [Kentaro, 2010].
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The main reusable artifacts in BplSoa are the feature model that represents the business processes line and the
model-to-model and model-to-code transformations.

4.1.1 Domain analysis discipline

The goal of domain analysis discipline is to identify, describe and modeling the set of business processes that
compose the business processes line. The processes line is defined and represented by the variability model that is
described next.

Variability model

The feature modeling is the most popular technique for domain analysis, which identifies and analyzes the
commonalities and variabilities in a domain to develop highly reusable software assets for a software product line
[Kwanwoo, 2002]. In the proposed software process model - BplSoa, the software products are the business
processes, therefore, the modeling features for a business processes line is understood as representing its observable
commons and variables characteristics. These observables characteristics in a business processes line are
represented by tasks and sub processes of the business processes. Thus, the variability model is a feature model that
represents all business processes of a business processes line in terms of the observable characteristics.

4.1.2 Domain design and implementation disciplines

The goal of domain design and implementation disciplines is to define the meta-models and transformations from
model-to- model and from model-to-code required to support the implementation of business processes lines based
on service oriented architecture. The transformations implemented become the main core assets needed to
implement the members of the business processes lines in the application cycle of the software process model -
BplSoa. The transformations are described next.

Feature model to business process model

In [Montero, 2008] was proposed an approach in order to map and obtain business processes models based on
BPMN from feature models. The advantage of this transformation is to obtain directly a business processes model
from a model that expresses the variability of a business processes line, but the proposal described in [Montero,
2008] for mapping between feature model and a business process model is insufficient because it does not allows to
obtain a business processes model based on a simple sequence of activities. To cover the shortfall described above
we propose include the sequence indicator as part of a feature name, in order to indicate the sequence or order of
the given feature. The proposed sequence indicator is a number that is prepended to the feature name enclosed in
square brackets. The sequence indicator is applied for all sub features of a given feature. Therefore, the sequence
indicator is processed in order to map a feature model to a business processes model based on a sequence of
activities. The Figure 3 illustrates the proposal for the mapping between feature models and business processes
models based on the sequence indicator, with the purpose of supplementing the mapping proposed in [Montero,
2008].

Business process to service oriented model
The transformation from BPMN to SoaML is proposed in [Delgado, 2010], and its mapping strategy is presented in
Table 2. Basically each activity on BPMN model is transformed to a service.

Table 2: BPMN to SoaML mapping proposed in [Delgado, 2010]

BPMN to SoaML mapping
BPMN Element SoaML Element
Business process model SOA model
Pool or Lane Participant
Activity Service Point

Service oriented model to services code

The transformation from SoaML to code is done by tools that support SoaML meta-model like ModelPro™,
MagicDraw™ Cameo SOA+ suite and Sparx Systems' Enterprise Architect [OMG. SoaML: Tool support]. The
main advantage of the software process model called BplSoa is the use of standard meta-models in order to ensure
compatibility and ease integration of tools of different vendors.
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4.2 Application engineering cycle

In the application engineering cycle the main goal is the derivation of one or more members of the processes line
defined in the domain engineering cycle. Core assets identified and implemented in the domain engineering are
reused to speed up the derivation of business processes. The main assets reused by the application engineering
cycle are the variability model, transformation of feature model to business process model (fm2bpm),
transformation of business process model to SoaML model (bp2soa), and the transformation from SOA model to
services code (soa2code).

4.2.1 Application analysis discipline

The goal of application analysis discipline is to choose the business process or processes to be implemented from
the set of business processes represented by the variability model that was identified and defined in the domain
engineering cycle through a feature model. The selection of the business process to be derived has to be aligned
with the specific customer needs.

We introduce an initial case study for the admission of students to college. The case study consists of a business

processes line that covers the admission process of different colleges. In the Figure 4 is illustrated the feature model
of the selected process to be derived and its features are described next.

Register: student could pay the admission fee and fill the form with personal and education information.
Exam: the student present an exam of knowledge used to filter admission requests.

Interview: the college could interview the aspirant.

Evaluation: allows checking form, exam and the interview result in order to accept or reject the admission
request.

4.2.2 Application design discipline

The goal of application design discipline is obtain the business process model and service oriented model needed
by the implementation discipline in order to generate the code. The business process model illustrated in the Figure
5 is generated through the feature model presented in Figure 4 by means of the mapping strategy that was described
in section 4.1.2. In the same way, the service oriented model illustrated in the Figure 6 is generated through the
business process model presented in Figure 5 by means of the mapping strategy that was described in section 4.1.3.
Each task in the BPMN model is mapped to a service, then, the model is detailed with the message types managed
for each service.

4.2.3 Application implementation discipline

The goal of application implementation discipline is to generate the services code needed to support the execution
of the business process that has been selected to be developed. The main inputs for this phase are the SOA model
and the transformation soa2code (service oriented model to services code). There are a variety of tools that
currently support the deployment of business processes like Intalio BPMS and WSO2 Business Process Server that
facilitates the deployment, testing and execution of the business processes based on services and allow the
execution of the business logic.

5. Related Work

The engineering approach to process families was proposed in [Schnieders and Puhlmann, 2006], and applies the
product family engineering to business processes. The proposed approach introduces different variability
mechanisms to business family or e-business families. The main difference between the proposal defined in
[Schnieders and Puhlmann, 2006] and the present work is the management and representation of variability, while
the approach described in [Schnieders and Puhlmann, 2006] manages the variability by means of the extension of
the business process notation (BPMN), in the BplSoa model proposed,it is managed by means of the feature
models, which are subsequently transformed (automatically)into business processes models based on BPMN.

The approach to development of SOA as Software Product Lines — SPL [Flavio, Santana and Romero, 2009],
called service-oriented product lines, seeks to incorporate the principles of SPL to the development of SOA
applications, to achieve high productivity, reducing development time of SOA applications customized to clients
and specific market needs [Flavio, Santana and Romero, 2009]. One advantage of the model proposed in this paper
with respect to the proposal described in [Flavio, Santana and Romero, 2009] is the approach towards the business
processes as a strategy to generate value for companies, in terms of competitiveness through automation and
flexibility of business processes.
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Additionally, the software process model described in this paper focuses on MDE, in order to improve productivity
through the application of transformations between models and between models and code.

The methodology for development of families of service oriented architectures proposed in [Mohsen, 2009],
combines Software Product Lines — SPL with Model Driven Engineering — MDE, in order to cover the gap
between business process management and software engineering. This work encourages the active use of model-to-
model and model-to-code transformations in order to increase productivity during the derivation of members of the
business processes lines.

6. Conclusions

The challenge for organizations lies in aligning goals and business strategies with technology. And a way to
achieve this challenge is through automation, monitoring and constant optimization of their business processes. The
study of families or lines of business processes seeks advantages such as high productivity, low cost and high
quality in both, the analysis and the implementation of business processes lines. There has been
progressandcontributions to the study of development of business processes lines, but still lacks integrated
processes covering the full life cycle of the business processes lines. This article describes the software process
model BplSoa (Business processes lines based on Service oriented architecture), proposed for facilitating the
analyze, design and implementation of business processes lines based on the principles of service orientation, the
principle of high productivity of MDE, by applying model-to-model and model-to-code transformations, and the
mechanisms of systematic reuse of SPL. The main contribution of BplSoa is the intend to harmonize the principles
provided by MDE, SPL and SOA approaches in a software process model in order to facilitate the implementation
of agile business processes. Particularly, MDE gives to BplSoa the ability to separate the business and technology
concerns [OMG SoaML 2012], so that, the models generated in the initial stages of design become reusable assets
for the implementation of business processes in different technologies.

Additionally, this paper proposes a simple and novel approach to allow automatic transformation of feature models
to business processes models, thereby contributing to the progress of the study of the business processes lines.
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Figure 1: Integration strategy of approaches MDE, SPL, and SOA in the software process model proposed
called BplSoa.
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Figure 2: Software process model proposed called BplSoa
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Figure 4: Feature model of student admission process

Legend:
./ Mandatony
Student Admission & Optional
N A Atermaive
P ./ \'.';'.- — ® Abstract
[1] Register | | [2] Exam | | [3] Interview | | [4] Evaluation Concrete
i A
2N - \\
.

-
-
~

L J
[1]1 Pay | | [2] Fill form

N, o
L .
Check form | | Check exam
O,

,

- ",

Manual | | Automatic
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