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Abstract. We propose an MDA-based requirements analysis process for Service-
Oriented Computing Applications (SOCA). Our process is based on an analysis
that identifies the most relevant elements of previous proposed requirements-
processes. From the reviewed requirements-processes we identify such elements
in terms of phases, activities, products, and roles/viewpoints. We reviewed
proposals that include or emphasise the process definition, the definition of
products and models, and service-oriented modeling issues. Also, we selected
proposals within different research areas, namely Software Engineering (SE),
Model-Driven Architecture (MDA), and Service-Oriented Computing (SOC). We
carried out such analysis of previous requirements-processes by employing a
comparative framework. We also studied some surveys about new proposals that
define processes in MDA-based approaches. The main contribution of this work is
a general requirements analysis process for SOCA called SOCA-rap that includes
its activities and products allocated and grouped over a general development
process. This general development process is structured in two dimensions where
the first dimension involves four general activities, namely Requirements, Design,
Construction, and Operation. The second dimension includes the three MDA
models, namely the Computational Independent Model, the Platform Independent
Model, and the Platform Specific Model. Additional contributions of this paper
include (i) the identification of the phases, activities, products and
roles/viewpoints of the processes of previous approaches of requirements analysis,
(ii) a comparative framework of such elements, and (iii) the identification of the
products included in the MDA models of the general development process.

Keywords: Service-Oriented Computing (SOC), Requirements Analysis,
Architectural Design, Requirements Engineering, Model-Driven Architecture
(MDA), Rational Unified Process (RUP), Service-Oriented Computing
Applications (SOCA), Service-Oriented Software Engineering (SOSE).
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1. Introduction

In the Software Engineering (SE) research area there are many traditional process-
oriented software development models (or methodologies). As the term “process-
oriented” indicates, each model describes the way to execute the development process
by at least defining their phases / activities and the order to execute them. Also, such
traditional process models are better structured when they define most of their elements
(i.e. phases, activities, products, and roles [19]). On the other side, a special non-
process-oriented development model, specifically Model-Driven Architecture (MDA) is
a framework that proposes carrying out software development as a set of model
refinements. The transformations between models become first class elements of the
development process; therefore, a great deal of work takes places in these
transformations [5]. In the process-oriented approaches the transformations between
models “are implicitly defined by skilled architects in a software project” [5]. Thus, the
MDA framework eases both the modelling and the model-to-model transformation.
Although the MDA framework has been employed in industry and academia for
software development, no specific process development model has been adopted. Also,
MDA does not provide a “best practice guidance on how to maintain synchronized
models on a large-scale development effort” [5]. Currently, when a practitioner uses
MDA, he/she must define -in an explicit or implicit way-, a process for working (i.e.,
the practitioner must define a process-oriented MDA approach, commonly for a domain
specific use) [5].

A process-oriented approach and an MDA framework complement each other into a
process-oriented MDA approach -i.e., a hybrid approach-, by describing or capturing
the model transformations explicitly integrated with a process definition. Specifically,
the MDA approach for software development facilitates the analysis and transformation
of the system models from the problem domain model to the executable model. Then, if
we address the MDA models following an order, i.e., first the Computation Independent
Model (CIM), next the Platform Independent Model (PIM) and finally the Platform
Specific Model (PSM), the first problems to solve are related to the CIM.

Such an integration improves the way to develop software by merging the explicit
way for modelling and performing model transformation of the MDA approaches with
the explicit way for guiding the process of traditional software development process
(SDP) models in SE. However, some works such as [20] recommend such an
integration in both senses by either aggregating models -MDA issues- in a life cycle of
software development or defining processes -SE issues- in an MDA framework for
developing software. This is challenging because the integration requires great expertise
in processes and modelling. As explained in [5] “The spirit and intent of MDA is an
approach that encourages use of models as the basis for software development. The
ultimate vision of MDA is that models are used through the life cycle, with formal
transformations between model refinements. In practice, that vision can only be realized
by a very small percentage of software development organizations: the visionaries.”

Also, Service-Oriented Software Engineering (SOSE), a parallel research area of SE,
regards the study of the service-oriented paradigm [25]. In SOSE, several process
models for developing Service-Oriented Computing Applications (SOCA) have been
defined. Some of them focus on business modelling, system design or the use of new
emergent technology [22], and a few of them cover either all the SOC applications-
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development life cycle or the process details [25, 26]. Specifically, the CIM modelling
of a SOCA presents two big problems: 1) what to model? i.e., what are the products that
represent a CIM for SOCA; and 2) how to model it?, that is, the process to develop a
SOCA. On the other side, there exists a big problem to solve when we use MDA to
develop software, specifically, the issue that face practitioners for defining an
integration of a process-oriented approach with an MDA approach. We believe that a
SOSE methodology can be defined as a process-oriented MDA approach. Hence, the
general problem of defining a SOSE methodology implies several specific problems
like the definition of the detailed processes of each development phase -requirements,
design, construction, and operation- [22] for SOCA. Also, the general problem of
defining an MDA-based SOCA development approach has specific problems such as
defining the products of each MDA model and determining when such models must be
developed throughout the development process.

This paper reviews scientific literature that, in the last years [20, 3], reports some
surveys and proposals that study how to integrate the definition of the processes in hew
MDA approaches. This paper also studies the elements of Requirements-processes
covering approaches of MDA, SOSE, and SE reported during the years from 1976 to
2019. And finally, we propose an MDA-based Requirements Analysis Process for
SOCA that emphasizes the activity of modelling as well as defining the process that is
needed to construct the products, and a way to iterate over the process activities. Model-
Driven Software Development (MDSD) is a more generic approach than MDA, which
involves a process. This process includes the following steps [31]: requirements
modelling, model transformation (PIM to PSM), code generation (PSM to code),
testing, deployment, and maintenance and evolution. However, the steps conceived for
this process are rather general and do not provide detailed activities of each of the steps
or the input and output artifacts of each activity. Thus, we adopt the transformation
phases of MDA and propose a detailed Requirements Analysis Process for SOCA.
Furthermore, the way to iterate over the proposed process activities is through the use of
a generic software development process. This development process is structured in two
dimensions. The first dimension involves four general activities, namely Requirements,
Design, Construction, and Operation. The second dimension includes the three MDA
models, namely the Computational Independent Model, the Platform Independent
Model, and the Platform Specific Model.

The remainder of this paper is structured as follows. Section 2 defines a conceptual
framework for the analysis of elements (i.e. phases, activities, products, and views) of
the process requirements models. In Section 3, the framework of the previous section is
applied to identify the elements of the ten selected requirements-processes -specially
their products-; resulting in the classification and generalization of the products of the
requirements processes under study. Section 4 proposes the products of the
requirements processes grouped into the MDA models (CIM, PIM, PSM). Section 5
proposes a new MDA-based Requirements Analysis Process for SOCA. Section 6
presents an example of using the new MDA-based Requirements Analysis Process for
SOCA. Section 7 presents an evaluation of the proposed process for SOCA. Finally,
some concluding remarks are given in Section 8.
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2. Framework for the Requirements-Analysis Process

Our framework for the Requirements-Analysis Process includes the following. First, it
defines one criterion that includes a way for the Classification of requirements process
models. Next, our framework describes how we can classify the Elements of the
software-system development process in a template (see Table 1); this for the analysis of
the elements of each specific requirement process under study. Finally, the framework
proposes three big viewpoints for classifying the products of the requirements
processes, and a template (see Table 2) based on such viewpoints to compare the
products of the proposals.

2.1 Classification of requirements process models

The selected proposals focus on CIM modelling and offer requirements and
architectural-design processes. Each proposal is classified as RA, RE, AD, SOSE and
MDA, depending on its research area focus, respectively: Requirements Analysis,
Requirements Engineering, Architecture Design, Service-Oriented Software System,
and Model-Driven Architecture. Then the criterion to classify the requirements models
is explained as follows.

The RA (Requirements Analysis) term refers to the methodological proposals for
requirements analysis prior to the appearance of the requirements engineering research
area. The term has to do with the process of analysing requirements to (i) detect and
resolve conflicts between requirements; (ii) discover the links within the software and
how they interact with its organizational and operational environment; and (iii) define
systems requirements to specify software requirements. This has the traditional view of
requirements analysis (or requirements process), which boils down to conceptual
modelling using an analysis method, such as the structured analysis method. The RE
(Requirements Engineering) term is widely used in the field to denote the systematic
handling of requirements. This term represents a more complete vision of the
requirements process that involves requirements management, an engineer of
requirements as a role, and the classification and negotiation of the requirements. The
AD (Architectural Design) term refers to the methodological proposals where software
design activities are involved in the requirements process. Such proposals implicate that
it is impossible the total separation of the two tasks -i.e., requirements and design
processes are not disjoint-. In most cases the software engineer acts as a software
architect too, since the processes of analysis and elaboration of requirements demands
the identification of components of architecture/design that implements the
requirements specification [4]. The SOSE (Service-Oriented Software Engineering)
term refers to the methodological proposals where a requirements process is included as
part of the Service-Oriented Software Systems development process.

1 Requirements Analysis -that was rather an activity-, exists before Requirements Engineering. RE emerged
later on as a process that includes RA as an activity and other activities to complete the process. Afterwards,
either RE substituted RA or RA was absorbed and included in RE as an activity.
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The MDA (Model-Driven Architecture) term refers to the methodological proposals
that considers or studies the requirements process as part of the Model-Driven
Development approaches.

2.2 Elements of the software-system development process

For the analysis of the components of the proposals, we consider three components of
the software-system development processes (SSDP) [19]. The first two components are
the phases and the activities of the SSDP, which properly define the process. The third
component regards the products that are constructed and interchanged during the SSDP
through the phases and activities. Also, four components, defined by [4, 6, 12, 13], that
are widely interrelated are considered in the analysis. These components are view,
viewpoint, stakeholder, and abstraction level. Where, a view is made up of all the
models that have to do with a specific viewpoint (point of view), represented at a certain
level of abstraction or limited to a user perspective (or stakeholder). A viewpoint is a
technical abstraction that focuses on a particular set of concerns that are part of the
system, removing irrelevant details -and also, a viewpoint can be represented by one or
more models-. A stakeholder is a person who has to do with the System in some way,
as a user, the owner, the administrator, etc. The abstraction level refers to the level of
detail in which a System model is represented.

Furthermore, a view can consist of one or more products. Also, each product can be
represented by a specific point of view or stakeholder at different levels of abstraction.
They are important components since they need to model the requirements model, in a
way that facilitates its transformation into a design model and maintain the traceability
between both models [2]. Table 1 presents a template for the analysis of the
requirements processes under study. This template includes some numbered
characteristics or aspects that are (1) the type of proposal, that is classified in RA, RE,
AD, MDA, SOSE; (2) the name of the proposal; (3) the bibliographical reference of the
proposal; (4) the components of the proposal (phases, activities, products) regarding the
requirements process that the proposal defines in an implicit or explicit way; and (5)
viewpoints, stakeholders, views, and abstraction levels that the proposal considers for
representing and/or dividing the requirements.

Table 1. Framework of component-analysis of processes

Type of proposal: (1)

Name of the proposal: (2)

Reference: (3)

Phase of the software- | Products Activities Viewpoint /Stakeholder / view /
development process abstraction level

@] @] Q] Q)]
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2.3 Three big viewpoints for classifying the products of the requirements
processes

To classify, compare, and normalise the products of the requirements processes under
study, we use the framework presented in Table 2. This framework is based on three big
viewpoints that we consider cover the typical concerns of the products of the
requirements processes. These big viewpoints are the business viewpoint, the system
viewpoint and the project viewpoint. Where the business viewpoint involves elicitation
& analysis and covers the viewpoint of the user. The system viewpoint regards
modelling and covers the viewpoint of the system analyst. And the project viewpoint
regards project planning and risk management issues. Then for the normalisation of the
products of the requirements processes, the products are classified into these three
viewpoints.

Table 2. Comparative framework to compare and normalise the products of requirements-
processes

Viewpoint P1 Pn
Business (elicitation & analysis, user viewpoint)
System (modelling, system analyst viewpoint)
Project (project planning, risk management)

We present the complete framework, although the scope of this study does not
include products and activities of the project viewpoint since they are not aligned with
any MDA model.

3. Analysis of Ten Requirements-Processes

First, we present some relevant information of each proposal, highlighting the products
proposed and presenting examples of how the identified products can be classified into
the three viewpoints: business, system and project. Table 3 presents the list of the
requirements proposals (or requirements-process models) that we analysed, referred to
as P1..P10. First, we present some relevant information of each proposal, highlighting
the products proposed and presenting examples of how the identified products can be
classified into the three viewpoints: business (elicitation & analysis, viewpoint of the
user), system (modelling, viewpoint of the system analyst) and project (project planning
and risk management).

The proposals reviewed covers the software development processes for modelling a
CIM. These proposals are commonly either requirements or architectural design
processes. Then, through the analysis of such proposals, we identify and classify their
activities, products, and the views for the representation of the product models.
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Table 3. Proposals of CIM modeling and of requirements processes

Proposal Reference Type of Name of the proposal
proposal
P1 Leite, 1988 [12] RA “Viewpoint Resolution in Requirements Elicitation”
P2 Boehm, 2004 [27] RA (MBASE)
P3 Getchell, 2002 [29] RE “MSF Process Model v. 3.1”
P4 Hofmeister, 2005 [8] AD “Global Analysis”
P5 Hofmeister, 2007 [9] AD “General Model of Software Architecture Design
Process”
P6 Péraire, 2007 [21] SOSE & | (RUP-SOA)
RE
P7 Habe, 2013 [7] AD “The Missing Link -between Requirements and
Design”
P8 Bourque, 2014 [4] RE (general model proposed in SWEBOK V3.0)
P9 Asadi, 2008 [3] MDA “An MDA-based System Development Lifecycle”
P10 Rodriguez-Martinez, MDA & (SOCA-DSEM)
2019 [22] SOSE

Below we present a brief description and analysis of the elements of each reviewed
proposal.

P1. “Viewpoint Resolution in Requirements Elicitation” [12]. In [12] Leite (1988)
proposes a process-oriented definition of RA: “Requirements analysis is a process
which ‘what is to be done’ is elicited and modeled. This process has to consider
different viewpoints, and it uses a combination of methods, tools and actors. The
product of this process is a model, from which a document, the requirements is
produced”. This work proposes two documents as products: a “Requirements analysis
model” and “Requirements document”. The first document is defined from the
viewpoint of the analyst, is internal to the development process, is written in a machine-
processable form, and must be readable by analysts and designers to understand the
application to build. The second document reflects the viewpoint of the user, is in
agreement with the user of what he/she demands from the system and must be readable
by both users and analysts [12]. Such documents correspond to two viewpoints,
specifically the “business” and “system” viewpoints.

P2. “MBASE” [27]. It is an approach that integrates the process-models, products,
properties, and the success criteria to develop a software system. The essence of the
approach is to develop some elements of systems definition in a concurrent and iterative
way (or by refinement) by using the Win-Win Spiral model of Boehm [27]. Such
elements are the following: Operational Concept Description (OCD), System and
Software Requirements Definition (SSRD), System and Software Architecture
Description (SSAD), Life Cycle Plan (LCP), Feasibility Rationale Description (FRD),
Construction Transition Support (CTS) plans and reports, and Risk-driven prototypes.
Issues of risks are implicit in MBASE since it is a risk-driven approach. The risk control
is implicit in the way to proceed, i.e., it does not indicate products or documents of risk
planning or management, e.g., it uses risk-driven prototypes.

P3. “MSF Process Model V.3.1” [29]. In [29], Getchell proposes several products
in two phases: (i) the Envisioning Phase, is where the project is defined and planned,;
and (ii) the Planning Phase, is where requirements are specified and the software
development is planned. In such phases several products are proposed, for the three big
viewpoints. For example, for the single activity in the Envisioning Phase it has the
following products for each viewpoint: (1) for the business viewpoint: proposes the
“vision/scope document”, (2) for the project viewpoint: proposes the product “risk
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assessment document and project structure document”, and (3) for the system
viewpoint: proposes the product of “prototypes”. Also, in the case of the Planning Phase
the proposal has the product “Business, user, operational and systems Requirements
List” in the business viewpoint.

P4. “Global Analysis” [8]. Hofmeister in [8] proposes the activity “Global
Analysis” as an intermediary between the processes of the requirements analysis and the
architecture design. Such a Global Analysis helps to guide the design process by
capturing the design rationale and supporting traceability between requirements and
architecture. This proposal has three products. The product Software Requirements
Specification (SRS) belongs to the business viewpoint. The other two products, namely
the Architecture Design Requirements (ADR) and the System Solutions Strategies
(SSS) are part of the system viewpoint. Although ADR and SSS are constructed in the
Global Analysis, ADR is part of the requirements specification whereas SSS is part of
the architecture specification. ADR is located on the problem (requirements) side. Such
an architecture must identify those requirements that affect the architecture design and
also, must identify any additional quality attributes and constraints (e.g., pre-imposed
design decisions and limitations, use of COTS software). It is also important to identify
other factors that affect the architecture (e.g., culture of the organization, state of
technology, existence of a related product line). On the other side, SSS is a set of
strategies that guide the architecture design.

P5. “General Model of Software Architecture Design Process” [9]. This proposal
defines the activity of Architectural Analysis (AA) that is an intermediary activity
between the requirements analysis and the architectural design. Products of AA are: (i)
Context Requirements and (ii) Architectural Significant Requirements. The
requirements analysis presents the product “Context Requirements” for the business
viewpoint and the product “Architectural Concerns” for the system viewpoint.

P6. “RUP-SOA” [21]. RUP-SOA [21] is an extended version of RUP for SOA (o
RUPZz). RUPz has two dimensions. Each dimension corresponds with an axis. The first
dimension is the time represented over the horizontal axis. The second dimension
corresponds with the disciplines or activities represented over the vertical axis. The
horizontal axis represents also, the software development life cycle that is divided into
four phases: Inception, Elaboration, Construction, and Transition. Each phase is divided
in one or more iterations, this, according to the project needs. In addition, the vertical
axis represents disciplines, such as requirements, analysis, design, or implementation,
logically grouped according to its nature. The requirements products of RUPz are
classified into the viewpoints of “business”, “system” or “project”: e.g., for the business
viewpoint there is the product “Business Case”, for the system viewpoint there is the
product “Use-Case Model”, and for the project viewpoint there is the product “Test
Strategy”.

P7. “The Missing Link -between Requirements and Design” [7]. In this proposal,
Habe [7] describes Product Abstraction Levels (PAL) aligned with the V-Model. This
shows the transformation Trail of the information and shows how the product is
developed by keeping consistency and completeness, despite the high-fragmented
activities of the engineering and the increasing parallelization of the sub-processes (like
requirements-process) of the Product Creation Process (PCP). This proposal also tells us
how the requirements are interconnected and that the requirements process is not
integrated with the design process. The requirements product involves transforming the
“stakeholder requirements” to the “functional and product requirements” which in turn
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are transformed to the “system requirements”. The latter are then transformed to the
“technical requirements of implementation” which are then transformed to the
“implementation”.

P8. “General model defined by the SWEBOK V3.0” [4]. Bourque (2014) [4]
proposes a product for three big viewpoints: e.g., the product “System Definition
Document” for the business viewpoint, the product “System Requirements Document”
for the business and system viewpoints, and the product “Software Requirements
Specification Document” for the system viewpoint and “prototype” for the system and
business viewpoints.

P9. “MDA-Based System Development Lifecycle” [3]. Asadi [3] proposes a
software-system development life cycle (of the software development process) based on
MDA. The proposal comprises five phases: Project Initiation, PIM Development, PSM
& Code Development, Deployment, and Maintenance. Of such phases, the phase PIM
Development and the phase PSM & Code Development are typically executed in an
iterative and incremental way. This approach proposes products for two viewpoints:
business and project. But the requirements process (project initiation) does not include
products for the big system viewpoint, i.e., the approach advocates a separate vision to
construct requirements and design.

P10. “SOCA-DSEM” [22]. The proposal P10 is an MDA approach that is focused
on the development of SOSS and indicates what products are part of CIM, PIM, PSM,
and PM. Although SOCA-DSEM proposes CIM products [29], it does not consider
activities for requirements engineering. The proposed activities are more like sub-
phases. It proposes that each MDA model should be constructed thoroughly in a phase
or activity. It also proposes products, and artifacts to be constructed in a specific
notation. The requirements phase has products that can be classified as the business and
project viewpoints.

Regarding the component-analysis of the proposals of requirements-processes,
Section 4 presents the normalisation of the products identified for each of one of the
proposals under study.

4. Products of Requirements process classified into CIM, PIM or
PSM

This section proposes the products that are part of the models CIM, PIM or PSM. We
propose a comparative framework -that is shown in Table 2- to compare the products of
the proposals. The framework enables the normalisation of the products. This
normalisation involves identifying the products that can be part of a CIM, PIM or PSM.

We use the conceptual framework to identify the components, specifically regarding
the products that compose the ten proposals under study. Then, given the identified
products, we carried out a normalisation (or generalization) of the products on the
requirements-process. Table 2 presents a comparative framework, in which the first
column indicates the three viewpoints (business, system, and project) and the next n
columns present the products of each proposal. The result of such a normalisation is
presented in Table 4 and Table 5 involving the products of the business and system
viewpoints, respectively. The general products of the requirement process, identified in
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the previous section, are indicated in Table 4 and Table 5 with a their names and a label
i.e., CIM-1..CIM-6, PIM-1..PIM-2, PSM-1.

Table 4. Normalisation of products oft he business viewpoint

Products maped from Requirements proposals reviewed regarding SOCA-rap proposal
Business viewpoint CIM model
P1 P2 P3 P4 |P5 P6 P7 P8 |P9 P10 docu-
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As shown in Table 4 and Table 5:

(i) The products of the requirements processes are classified into the business
viewpoint and are aligned with CIM. Also, the products of requirements processes,
classified into the system viewpoint are aligned with PIM and PSM.

(ii) The products of the Requirements-process that were identified as part of the CIM,
PIM, PSM models are: for CIM are CIM-1, .., CIM-6, for PIM are PIM-1 and PIM-2
and for PSM is PSM-1.

The first version of the Requirements documents implies evolution during the
development process. It is assumed, that the CIM documents and the document
“Software Requirements Specification” enable requirements changes. Requirements
evolve along all the development phases if there are changes on the requirements
specification. In contrast, the "Initial Design Document" is assumed to be disposable in
the early stages of the development process as it is about quick experiments with some
non-detailed technological alternatives.
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Table 5. Normalisation of products of the system viewpoint
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Finally, Table 6 describes the identified products of the CIM, PIM and PSM as

follows.
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Table 6. CIM, PIM and PSM products of requirements-process for SOSS

CIM products

CIM-1. Vision/scope (or
business case document).

A high-level vision of the objectives and constraints of the project.

CIM-2. Stakeholders list

Indicates names commonly as roles of the stakeholders, and the description of the
function and tasks of such roles.

CIM-3. Win-Win
conditions

It Specifies the stakeholder win-win relationship throughout the system’s life
cycle. It involves conditions related to the stakeholders to reach success by
getting the stakeholders to clarify, understand, and reconcile their success models.

CIM-4. Context (Facts &
Application Vocabulary)

This regards the context of the system but mainly the Facts and the Application
Vocabulary (or domain terms).

A Fact refers to gathering information for better understanding an application.
More specifically, it refers to the domain knowledge that can be gathered from
documents, pre-printed forms, information between stakeholders, interviews with
stakeholders, etc.

The Application Vocabulary standardises the use of a common set of words in the
model of the application and in the application itself.

CIM-5. Requirements
List

This involves the Operation Use level requirements and Functional level
requirements that are agreed with the user [7]:

Operational Use level requirements captures the customer needs, the operational
use terms and conditions, product roadmap, product scope, and the development-
process conditions.

Functional level requirements capture the properties, functions and constraints of
the system and how to validate and ensure the behaviour and feasibility.

CIM-6. Business Process
Model (BPM)

It includes the definition of the process and workflows at the business level and
the identification of the services and their conceptual definition.

PIM products

PIM-1. Functional
Specification (includes a
minimal Enterprise
Architecture for Services)

This regards a set of requirements specification in machine-processable form that
includes an early design [13] (i.e. the Functional Specification and the Enterprise
architecture).

The Functional Specification describes in detail how each feature (or
requirement) looks like and behaves. It also describes the architecture and the
design of all features [29]. It has Instructions for the developers on what to build,
the Basis for estimating work, the Agreement with customer on exactly what will
be built, and the Point of synchronization for the whole team.

The Enterprise architecture is a logical structure for classifying and organising the
descriptive representations of an Enterprise that are significant to the management
of the Enterprise as well as to the development of the Enterprise’s systems,
manual systems, and automated systems [24].

PIM-2. System
Architecture Solution (an
initial architecture design
of service provider,
service consumer and
database design)

It is the candidate architectural solution that may present alternative solutions,
and/or may be partial solutions (i.e., fragments of an architecture). It reflects
design decisions about the software structure. The architectural solutions include
information about the design rationale, that is, commentary on why decisions are
made, which decisions are accepted or rejected, and the traceability of decisions
to requirements is defined. It refers to the initial or candidate solution,
constructed in the first development phases [22] that includes the initial Service
operations definition for the service provider design, and the semantic
specification of the processes and workflows for the service consumer design; and
the initial database design such as an Entity and Relation diagram.

PSM products

PSM-1. Prototypes,
development and

technology options,
feasibility analysis.

Prototypes, development and technology options, feasibility analysis [29] refers
to selecting and proving the technology and an initial design of the system
through prototypes for analysing the feasibility of constructing the system with
the selected technology. And the initial interface design.
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5. The SOCA-rap Process

SOCA-rap is a general MDA-based process that integrates MDA models for
Requirements modelling and a process to guide the development. Such a process is
represented in the Figure 1 and includes the four generic phases of a software
development life-cycle (SDLC) i.e. Requirements, Design, Construction, and Operation.
The process also includes the models of MDA -CIM, PIM, and PSM- and an extension
the model E-PM (Executable-Platform Model) [14]. Similar to the RUP process, the
area below the curves indicates the amount of development effort required in each phase
to construct each model. The number of X on the general MDA-based process (see
Figure 1) indicates the average amount of effort required for constructing each MDA
model in each phase. The SOCA-rap then defines the MDA products (see Table 6), the
model-to-model transformations (see Figure 3) and the generic activities of the
requirements analysis process (see Table 7) to be specifically used in the SOCA
domain. The SOCA-rap also defines a very generic SDLC for iterative and incremental
development (see Figure 1).

T Phases )
- Requirements i ; .
Models qu! Design Construction Operation
cIM X |
|
PIM % X
TT—

PSM M
E-PM ‘ /”T\‘\/

Fig. 1. General MDA approach of an SDLC

The distribution of activities and products is shown in Figure 2, which also presents
the summary of our proposed MDA-based Requirements Analysis Process.

In Table 7 we define the general activities of the Requirements process presented in
Figure 2, namely “Elicitation”, “Analysis”, “Modelling”, and “Validation”. We
associate the products identified in the previous section (see Table 6) with such general
activities. The three activities “Elicitation”, “Analysis”, and “Validation” corresponds to
three of the four Knowledge Areas - “Requirements Elicitation”, “Requirements
Analysis”, “Requirements Specification”, “Requirements Validation”-, defined in [4].
Here we assume that the requirements specification is executed along all the
requirement process. The products of the activities of Elicitation and Analysis are
presented in terms of the business viewpoint. The names of such products have a prefix
that indicates the MDA model to which each one belongs. Hence, the following
products constitute the CIM model: CIM-1 Vision/scope (for the business case
document), CIM-2 Stakeholders list, CIM-3 Win-Win conditions, CIM-4 Context (Facts
& Application Vocabulary), CIM-5 Requirements List and CIM-6 Business Process
Model (BPM). Besides, the PIM model includes the product PIM-1 Functional
Specification (which includes a minimal Enterprise Architecture for Services) and PIM-
2 System Architecture Solution. Finally, the PSM model for requirements includes only
the product PSM-1 Prototypes, development and technology options, and feasibility
analysis.
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Phases Requirements Design

Activities | Elicitation Analysis Modelling Validation
Models

in-Win conditions
. Context.(Facts &
Application Vocahulary)

CIM CIM-

CIM-5. Requirements List
CIM-6. Business Process Model (BPM)

PIM PIM-1. Functional Specifi

(includes a mi nterprise

PIM-2. System Architecture Solution

1 |
~Prototypes, development #nd technology options, feasibility
| {

Fig. 2. MDA-based Requirements Analysis Process

The process is executed as follows. First, the requirements are taken during the
activity of elicitation and analysis from the problem domain and then modelled (or
transformed) as a CIM that is presented from a business viewpoint. Next, the modelling
activity transforms the CIM into a PIM from the system viewpoint. Such a system
viewpoint involves a model at a high-level of abstraction. At this time, we have the
definition of requirements from the user and system perspectives [12]. Afterwards, the
activity of modelling transforms the PIMs into PSMs. A PSM represents the
requirements from the perspective of computing and involves a pre-design, e.g., it is
expected that the PSM model includes some design of interfaces. Finally, the CIM,
PIM, and PSM products are validated in the “Validation” activity.

We obtained the description of the requirements-process activities mainly from [4]
and by matching with the description of the reviewed proposals -specially the
descriptions of Elicitation, Analysis, and Validation were obtained from the
methodology P10, and of the description of Modelling was obtained from the
methodology P1-. Table 7 shows the description of the activities of the requirements

process.

Finally, as shown in Fig. 3, the methodology uses three lines of model-to-model
transformations [22], namely orchestration, choreography, and data lines. The first
products constructed are CIM-1, CIM-2, CIM-3, and CIM-4, which are transformed into
the CIM-5 Requirements List and the CIM-6 Business Process Diagram —involving both
the Choreography and Orchestration lines-.

Also, in the Data transformation line, it is constructed a new version of CIM-4
Context by aggregating the Enterprise Data view or Application Vocabulary. Then the
CIM products are transformed into the PIM products as follows. The products CIM-5
and CIM-6 in the Choreography line are transformed into the PIM-1 Functional
specification (Use-case details). Also, CIM-5 and CIM-6 in the Orchestration line are
transformed into the first version of the PIM-2 System Architecture Solution that
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includes a System model diagram. Then PIM-1 in the Choreography line is transformed
in a second version of PIM-2 that includes the Join Realization Table. Next, the second
version of CIM-4 is transformed into a third version of PIM-2 that includes the E-R
System data model. Finally, in the Choreography transformation line the third version
of PIM-2 is transformed into PSM-1.

Table 7. Activities of the Requirements-Process

Activity

Description

Requirements
Elicitation

It is ““...concerned with the origins of software requirements and how the
software engineer can collect them. It is the first stage in building and
understanding of the problem the software is required to solve. It is
fundamentally a human activity and is where the stakeholders are identified,
and relationships established between the development team and the
customer” [4].

Requirements
Analysis

It is “... the process of analyzing requirements to detect and resolve conflicts
between requirements; discover the bounds of the software and how it must
interact with its organizational and operational environment; elaborate system
requirements to derive software requirements. The traditional view of
requirements analysis has been that it be reduced to conceptual modeling
using one of a number of analysis methods, such as the structured analysis
method” [4].

Modelling /
Specification

Although the activities of Modelling and Specification are realised in parallel
with each activity of requirements process, it is indicated here a modelling
activity to highlight the modelling activity given that the specification part
remains only as a parallel activity.

Here the Modelling activity is considered a transition phase between the
domain specification -conceptual model or domain model- and the systems
requirements. In this activity, the system begins to be modelled/designed and
the CIM-5 Requirements List, CIM-6 Business Process Model (BPM), PIM-1
Functional Specification and PIM-2 System Architecture Solution are
completed. Also, in this activity is where it is initiated the elaboration of the
products PSM-1 Prototypes, development and technology options, and
feasibility analysis. Also, according to Leite (1988) [12] “The resultant
requirements analysis model, faces the problem that it has to serve different
actors. First, it has to be readable by users and second, it should be the base
for the designer's understanding of the application.”

Finally, the authors in [4] state that “The development of models of a real-
world problem is key to software requirements analysis. Their purpose is to
aid in understanding the situation in which the problem occurs, as well as
depicting a solution. Hence, conceptual models comprise models to reflect
their real-world relationships and dependencies. Several kinds of models can
be developed. These include use diagrams, data flow models, state models,
goal-based models, data models, and many others.”

Requirements
Validation

“The requirements documents may be subject to validation and verification
procedures. The requirements may be validated to ensure that the software
engineer has understood the requirements; it is also important to verify that a
requirements document conforms to company standards and that it is
understandable, consistent, and complete” [4].
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MODEL-TO-MODEL TRANSFORMATION LINES

Orchestration Choreography Data

CIM-1 — Vision Scope : System Context Diagram, CIM-2 Stakeholders list, CIM-3
Win Win conditions CIM-4 — Context (Facts) : Work System Snapshot

w I 3

CIM-5 — Requirements List
CIM-6 — Business Process Diagram

CIM-4 — Context
(Application Vocabulary) :
rise (¢ i

PIM-1 Functional specification
PIM : Use case details

_______________________________________________________ .
PIM-2 — System Architec&olulion :

: System model diagram : Join Realization Table (JRT) : E-R System data model

PSM PSM-1 - Prototypes, development and
technology options, feastibility analysis

Fig. 3. Model-to-model transformation of SOCA-rap

SOCA-rap states how the model-to-model transformation process should be carried
out. However, the details of how to carry out these transformations are out of the scope
of this paper.

6. [Ilustrative Example

In this section, we illustrate the proposed requirements process by applying it to an
example case. The illustrative example involves a system for managing job
competences (JCM System- Job Competences Management System). The objective of
this JCM System is to enable the users for managing such job competences, e.g.
definition of competences, record of job competences of the personnel (or employees)
of the organization, managing job descriptions by competencies, evaluation of job
competences, and define career plans and training plans for the employees. The
products of the CIM, PIM and PSM developed for SOSS, with the requirements-
analysis process, are presented in the illustrative example. The notations used for the
example, are optional, i.e. they are used only for illustration. Then, any other alternative
notations can be used.
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6.1 Computational Independent Model for the example

The product CIM-1 Vision Scope presents a high-level vision of the objectives and
constraints of the project (see Figure 4). The notations for CIM-1 are from SOCA
DSEM? [22] and UML®[34].

The product CIM-2 Stakeholders list indicates the names commonly used as roles of
the stakeholders, and the description of the functions and tasks of each role; but, it is not
included in this example for the sake of brevity. The product CIM-3 Win-Win
Conditions is optional, hence, here it is not exemplified. In this case, we suggest using
the approach of Boehm & Kitapci (2006) [28]. The product CIM-4 Context (Facts &
Application Vocabulary) is exemplified in the Figure 5, which presents a work system
snapshot* [32] and an excerpt of the application vocabulary as in [22].

Name of the system: “Job Competencies Management— JCM"
Objective of the System: “Managing Job competencies”

General description:

The system manages human resources by Job competencies.
The control of competencies helps to improve the human
resources training processes and develops the proper human
resources to achieve their career plans. In a general way, the
competencies can be classified in types of competencies
distinguished as qualities, skills, knowledge and experience.
Also, it is required to define areas of competencies, units of
competencies, elements of competencies, performance criteria
and the levels of competencies. The levels of competencies
enables the system to assess the level of competencies for each
employee of the organization. Finally, it is defined the elements
of competencies -both, the desired and the mandatory elements

that the candidate to the job must have- that each job requires to
be covered by a candidate for the job.

Formats.

Context Diagram Check list of evidences

DOCUM matrix

Guide for collecting evidence
Job competences
Audit Trail.

Evidence file

/;V Catalog of competencies by job (job descriptions)
/ Processes or Points of function at a high-level vision:
‘F/ - - Job competences configuration (definition of competences,
/ areas and units of competences, elements of competences

_T_ and performance criteria)

. - To capture job competences of the employees
-~
Human e Evaluations - To define required competences by job.
Resources - To registry job competences evaluation.

To define career plans (human resources development).

"4;_-':‘7:“ To define training plans (human resources development).
o Exploitati - To consulting evidence file.
) xploitation
I - > Roles (stakehoriders)
- - Personnel
Personnel

Head of Human Resources
Systems Personnel

Fig. 4. CIM-1 Vision Scope

2 SOCA DSEM is a Software Engineering Methodology to develop Service-Oriented Computing
Applications
3 UML is a Unified Modelling Language widely accepted by software engineering academicians and
practitioners
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[ er [Products and services
Personnel Audit trail consulting and validation
Head of Human Resources | To configure job competencies, areas and units of competence,

competency elements and levels of competence

To capture performance criteria for evaluating competences
Scheduling training plans

To define career plans

I'o capture grades of competence evaluations

TI'o capture evidences of audit trail

I'o consult career and training plans

Processes and activities

1. When the employee is hired. the Human Resources Head captures grades of competencies
for a job of the employee and the respective evidences as an audit trail.

2. At the end of the first year of hiring, the Human Resowrces Head generates a Training and
Career Plan of the employee .

3. From the second year. once in a year, the Human Resources Head captures for the

employee new competencies, and the corresponding grades and evidences. The employee
can generate changes on a training plan.

a. Each two years, the employee or the Human Resource Head can change the career or
training plan.
5. At every moment, the Huwman Resources Head can consult candidates for a vacancy based

on the grades of competencies of the employees for reaching career planes, independently
of the current career plan.

Participants Information Technologies
Personnel - Audit trail information | Database management
Head of Huinan Resources (grades. evidence. and real | Internet
Systems Personnel dates of evaluation) Worksheet for data exportation

- Systems personnel database | HTML templates
- Career Plans

- Job descriptions

- DOCUM matrix

- Catalog of competencies
- Evaluation criteria

- Calendar of training

Defini

ons, acroyms and abbreviations

Standard of competence

The norm or standard of competence is an omderly description of the content of a work
performance or work achievement. The standard states:

« Elements of competence

* Performance criteria

» Evidence of performance

= Scope (field of application).

- Guide for collecting evidence of performance

Elements of competence

It is the description of work achievements, grouped as units of competence. Each element of
competence must be described in terms of: a verb (the action). an object (on which the action
is performed), and the condition, which indicates the result of the action on the object This
includes required knowledge.

Performance criteria

It is a quality criterion with which the result of evaluation of the element of competence must
be achiewved That is, it involres sources of verification on the quality of work achievement
that the competence allows to obtain. They are classified as performance evidence (see
types of performance evidence)

Evidence of performance.
It is the evidence that the achievement has been effectively achieved, this is under the
established performance criteria.

Scope (field of application).
Machines, tools, physical context, environment and interpersonal re-operation in which the
scope performance is verified.

Fig. 5. CIM-4 Context (Facts & Application VVocabulary) represented as Work System Snapshot
and Enterprise data view

4 Work System Snapshot is a format proposed by Alter [32] to show the relationship between business
processes, their resulting products and services, their IT support and the stakeholders, from a business
perspective.
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Next, the product CIM-5 Requirements List presents, in a contextual way, the
functions of the system to be constructed (see Figure 6). Figure 6 presents the objectives
of the system and the requirements organised in system development stages. In addition,
Figure 7 presents the contextual diagram of use cases of the system. Parts a and b of
CIM-5 are presented in a non-specific or pre-established format. Part ¢ is presented in
the UML use case notation.

Project Name: “Job Competencies Management — JCM™
Date: October 3th, 2005
Period: August-December, 2005

Objectives.

The computarised system of Job competencies aims to support the standardisation, training
and certification of Job competencies within the Organisation that offers employment
contracts (Ooec)

Contributing to raise the qualification of the human resources of the Coec and consequently
to generate better conditions of competitiveness of the personnel

It will help in the effective planning of the training according to the requirements of the Coec

At the level of individuals, the implementation of work skills favors the mobility of workers
within the Ooec and allows them to prove their knowledge to obtain the recognition of their
performance, regardless of whether they have obtained them through fraining orin The job

The scope of Job competencies implies a substantial improvement in human resources
management, reducing their personnel selection and training costs and facilitating their link
with professional training systems

The general objectives priority is as follows:

1. Dynamically configure the catalog of job skills (definition of competences)
Register the job skills of employees.

Define the job skills required by each position as part of their job description
Evaluate the job skills of employees.

Define career plans based on competencies

Generate training plans

@k wn

Project Name: “Job Competencies Management—JCM”™
Date October 3th, 2005
Period: August-December, 2005

Requirements by stages of d P it of the sy

The first Stage includes the functions

+ Definition and printing of competencies catalog.

* Record of competency assessments

= Definition of the catalog of positions with their descriptions based on competencies
* Personal skills report

* Report of competent personnel by position

Note: only the functions of this first stage are described in this version of the requirements
document

The second stage includes the functions

* Recording, consulting and printing of evidence.
+ Assessment report

* Report of competent personnel by position

* Planning of competence assessments

The third stage of development includes the functions:

* Recording, consulting and printing of evidence of performance
* Consulting and printing of training plans

+ Consulting and printing of evaluation results

« Definition, consulting and printing of career plans.

In the fourth stage of development, an extension will be made that will allow grouping
evidence of performance to assist in the evaluation registry.

The maintenance stage will also include the series of exploitation reports that are required,
reaching a good collection of statistical reports

Fig. 6. CIM-5 Requirements list, part a: objectives and part b: requirements in system
development stages
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Fig. 7. CIM-5 Requirements list, part c: contextual diagram of use cases of the system

Finally, the last product of the model is CIM-6 Business Process Model. This model
is presented in different perspectives - part a, b, and ¢ (see Figures 8, 9 and 10)-. Figure
8 presents the private processes (part a), Figure 9 shows the process collaboration (part
b), and Figure 10 depicts a detailed process diagram for the actor “Head of Human
Resources”. CIM-6 is presented in BPMN?® as in [22].

5 BPMN is a Notation for Business Process Modelling
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Print Job Print check Print Print guide
. description list of docum for O
evidence matrix collecting

To consult
gansrarla career and
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career

capture grades

To consult file
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personnel
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Fig. 8. CIM-6 Business Process Model (BPM), part a: Business process diagrams — private

processes

Resnuirres

Head of Human

O

Competences
Configuration

Career and
Training Plans
management

Evidences Consulting
management} and Printing ]_'O

Employee

o

Evidences
capture

Consulting and
Printing

Fig. 9. CIM-6 Business Process Model (BPM), part b: process collaboration (actors’

collaboration)
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Fig. 10. CIM-6 Business Process Model (BPM) part ¢: A detailed business process diagram
(workflows of the actor “Head of Human Resources™)
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6.2 Platform Independent Model for the example

For the product PIM-1 Functional Specification, one example, for a use case (see Table
8). It should be noted that each use case requires a Table as part of the product PIM-1.
For PIM-1, this example uses the use case description format used in an example of

RUP® in [33].

Table 8. Use case R.1.1 Define the competence area

Use case R.1.1 Define competence area

Actor Head of Human Resources

Purpose Register and keep the competence areas updated in the competence catalogue.

Summary | The use case is initiated by the user who captures the data that identifies and describes the
area of competence. The system records the data captured by the user. The user can
modify or delete the data of an area of competence while maintaining the consistency and
integrity of the system.

Exceptions | The system will indicate the user that due to the integrity and consistency of the data; an
area of competence cannot be eliminated.

In the same way, the system will validate the values of the area of competence according
to the data rules defined below.
1 1 1
<<service>> <<service>> <<service>>
—— Audit Trail
Job Competences > Job Competences
1.1 To generate check list evidence
Management 1.2 To generate Job description 2.1 To configure Job competences

1.3 To generate DOCUM Matrix 2.2 To consult Job competences

1.4 To generate guide for collecting

evidence performance

1.5 To validate Audit Trail (evidence

file)

1.6 To consult evidence file (Audit

Trail) «
| /

/
' /
| /
| /
] 4 / ]
<<service>> << /
service>> / <<service>>
Calendar [ Evaluation v " Personnel
g; ;‘:\::plt:re\?:‘lsnzaglans 2;,131.52(23?5:: jg:p‘:g::ﬁ?:gf:ses - = 4.1 To configure Job competences

= uling trainin: 0.

5.3 To define evaluation criteria and/or performance levels-. P 2l 2:,’;::[2 ’f,ﬁ"f;‘;f,;enceso, e
3.2 To define training plans (human 2 I 1
resources development) jﬁ%oy:er | h
3.3 To capture the performance aoce |ze ca|reer plans (human
criterio for evaluating competences zezo;lrces elve opment) d
3.4 To consult the performance ot 0 consult training and career
criterio for evaluating competences plans

Fig. 11. PIM-2 System-Solution Architecture part a: Service Model diagram (regarding provider
and composition of services)

6 RUP — Rational Unified Process
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Table 9. PIM-2 System-Solution Architecture part b: JRT — Joint Realisation Table of use cases
(regarding the choreograghy) for use case R.1.1 Define competence area

The use case R.1.1 Define competence area

Action of the Actor

White Box

Service and operation to
use

This use case starts when
the Head of Human
Resources  selects  the
options of Competences /
Define competence area

The system will display a text box and a
search button.

If the user knows the key competence area it
is looking for: they can capture in the text
box the code of the corresponding
competence. Otherwise, you can search for a
specific competence area by pressing the
search button.

Job Competences service,
operation 2.2 To consult
Job competences.

When capturing the area
key

The system will automatically search for the
required data and display it. If the system
does not find the password, the system will
assume that it is desired to register a new
password, at this point the user may cancel
the registration operation or continue with
the registration of the new area.

Job Competences service,
operation 2.1 To configure
Job competences.

The user presses the search
button

The system will show a dialog that enables
to do a contextual searching by the key
competence, description or any other
significative field for such a competence
area.

After locating a specific area of competence,
the system will display the data of the area in
question. At this point the user can indicate
the system if he/she wants to modify the data
of the area or if he/she wants to delete them.

Job Competences service,
operation 2.2 To consult
Job competences.

Mandatory
3

~
o=

l

Competence
areas
/'Y

Competence
Unity

Elements of
competence

Job

Performance

criteria

Personnel

Fig. 12. PIM-2 System-Solution Architecture part c: Entity-Relationship diagram for the first
stage or increment of development of the system
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The product PIM-2 System-Solution Architecture includes an initial architectural
design of the service provider and the service consumer (initial definition of
composition, orchestration and choreography), and an initial design of the database (see
the Figure 11 and the Table 9). The initial version of the architecture design has the
need of refine, correct, and complete the design in order to achieve a better version on
subsequent development phases. More specifically, Figure 11 presents the Service
Model diagram (regarding service provider and choreography), Table 9 present the Join
Realization Tables, each one for one of three use cases (regarding consumer and
orchestration), and Figure 12 presents the Entity-Relation diagram (regarding the
database). Regarding the notations used for the PIM-2 example, part a is presented as a
stereotyped diagram for services as in [22]. Part b is a Joint Realisation Table taken
from RUP in [33] and applied as in [22]. Part ¢ is an Entity Relationship Diagram [35].

6.3 Platform Specific Model for the example

Job Cempetencies AManogement System  pae:

Hour:

This is the general screen design. In the same way the submenus of each option will be
displayed with buttons, a pop-up window with the previous page will appear.

For pop-up pages, capture and query fields will be displayed, as well as action buttons that
will only show capture dialogues within the same screen, that is, in the form of frames. Avoid
more than three levels

The folder and the application's own icon will be used instead of the system name

The true typeface will be used for border messages with sizes 6, 8 and 10

Type Lucida Console size 10 will be used for the menus.

Verdana type sizes 8, 10, 12 in navy blue will be used for labels and information capture

In general, 4 colors can be used: light green, navy blue, light yellow and white
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Fig. 13. PSM-1 Prototyping, part a: interface design of the main screen and part b: navigational
design of the system
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Finally, Figures 13 and 14 present the product PSM-1 Prototyping that involves the
construction of prototypes for designing interfaces and prove the possibility of
connection for the initial architecture design of provider and consumer. This PSM-1
also proposes technology options [29] for analysing the feasibility of constructing the
system in any of them. The illustrative example presents only the preliminary design of
the main screen of the system and a proposal of navigation between the options of the
system. More specifically, Figure 13 presents the initial interface design of the main
screen of the system. Here we use paper prototypes as in [22] to illustrate the PSM-1
Prototyping.

ok Camgpotoncion Ilansgoment Dipsbamt: vurs

Hour:
[ competencies | Evidences | Evaluations | jobs_| Reports] Notices | Main menu] Heip |
o)

Cormpectency Areas

Area
Name [ ]

w=lels] [ s | [ v ] [oews [ oee ]

_—_— -
Example of main flow for the use case R.1.1 To capture competence areas
The system presents the main system screen to the user. The user selects the skills option
from the main menu. The system shows the user the options "Define competence area",
"Define types of perfoomance criteria”, "Define competence standards”, "Define performance
criteria”, "Catalog printing"
The user must select the option "Define area of competence”. The system will display a text
box and a search button.
If the user knows the competition code he is looking for, or wishes to register a new code: he
can capture the code of the corresponding area of competence in the text box. Otherwise, you
can search for a specific area of competence by pressing the search button
When capturing the area code, the system will automatically search for the required data and
display it. If the system does not find the password, the system will assume that it is desired to
register a new password, at this point the user may cancel the registration operation or
continue with the registration of the new area.
When you press the search button, a dialog will appear that will allow a contextual search
using the key, description or some other significant field of the areas of competence. (See use
case R.1.1.1 Search for area of competence.)
After locating a specific area of competence, the system will display the data of the area in
question. At this point the user can indicate to the system if they want to modify the data of the
area or if he want to delete them.

Fig. 14. PSM-1 Prototyping, part c: interface design for register, eliminate or change a
competence area as a standard interface for the system

7. Evaluation of the proposal

The reviewed proposals present an evolution on the knowledge of the requirements. The
first type of proposals, the RA proposals, regard the activity of “requirements analysis”.
In contrast, in the RE proposals the requirements are managed as a process called
“requirements engineering”. Then, the AD proposals add new characteristics whereby
the relationship between “requirements analysis” and “system design” is described and
eases the transformation of the requirements analysis into the system analysis.
Consequently, the SOSE proposals adapt the requirements activities to construct
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Service-Oriented Computing Applications. Finally, the MDA proposals change the
process, i.e., it proposes a different way to construct a system focusing on the models to
be constructed during the requirements process.

We claim that a solid requirements analysis processes for SOCA should provide
support for RE, MDA, and SOSE. The reason of this is described as follows. In the
early days, RA was incorporated and diluted into RE. Nowadays, AD is also being
incorporated into RE. In this context, AD, in an analogous form, highlights the
importance of the architecture design closely linked to the requirements specification. In
addition, the research areas, namely RA, AD and MDA, highlight their respective link
between (1) the requirements process and the system design, (2) the requirements and
the architectural design; and (3) the products categorised in models with their approach
to designing and transforming. In turn, RE provides the model outlining the activities to
be performed during the requirements process, some products to be built during each
activity, and the process management activities. However, RE, does not describe how to
construct or design the products. MDA addresses this by defining a way to construct
various evolving models throughout the development process, encompassing the
requirements process. Finally, with the current trend toward web-based systems,
constructed via services or microservices, it is required to focus on the construction of
SOSE products.

We evaluate our approach by comparing it to the reviewed proposals. Table 10
shows the type of support provided by each proposal. The third, fourth, and fifth
columns of Table 10 indicate whether each proposal supports RE, MDA, and SOSE,
respectively, through a check mark for positive support or a cross for no support.

Table 10. Comparative analysis of the support provided by the proposals

Proposal & its name Type of RE MDA SOSE
proposal support  |support support

P1 — Leite, 1988 [12] -“Viewpoint Resolution | RA N X X

in Requirements Elicitation”

P2 — Boehm, 2004 [27] - (MBASE) RA \ x x

P3 — Getchell, 2002 [29] - “MSF Process | RE N X X

Model v. 3.1”

P4 — Hofmeister, 2005 [8] - “Global Analysis” [ AD v x x

P5 — Hofmeister, 2007 [9] - “General Model | AD N X X

of Software Architecture Design Process”

P6 — Péraire, 2007 [21] - (RUP-SOA) SOSE & J x J
RE

P7 — Habe, 2013 [7] - “The Missing Link - | AD N X X

between Requirements and Design”

P8 — Bourque, 2014 [4] - (general model | RE N X X

proposed in SWEBOK V3.0)

P9 — Asadi, 2008 [3] - “An MDA-based | MDA N N X

System Development Lifecycle”

P10 - Rodriguez-Martinez, 2019 [22] -| MDA & y N N

(SOCA-DSEM) SOSE

SOCA-rap - integrated  MDA-based | MDA -

requirements process - MDA & SOSE RE | SOSE - S S S

process RE
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We analyse below the elements that are supported by the proposals for each type of
support i.e. RE, MDA and SOSE.

7.1 Support for RE

Currently, RE refers to proposals that encompass both RA and AD. Initially, RA
proposals focused primarily on the business point of view. Subsequently, RE proposals
shifted focus towards process-oriented approaches. Currently, RE proposals tend to
emphasise the system point of view, specifically regarding architectural design.
Furthermore, requirements modelling and early system design remain relevant in the
literature. P1, P5, and P6 approach modelling and early design from the software
architecture research area [12], [8], [7], which has significantly expanded in the last
decade. As a result, innovative proposals are needed to deal with the intersection of
requirements and architecture. In essence, RA deals with the modelling of business
requirements, while RE evolves describing the process derived from RA. The emerging
AD then transforms business requirements into system design with modelling playing a
vital role. And, RE emphasises the process but also considers modelling from both RA
and AD.

All proposals, except P10, provide support for RE since they support the
requirements analysis in either forms: (1) as requirements-process definition, or (2) as
requirements-modeling strategy (e.g. CIM modeling with MDA). The first form mainly
defines the process whereas the second one mainly establishes the products. Given that
P1 and P2 are presented as definitions of a requirement-processes, they naturally
support RE. Also, P3 to P8 inherently support RE as they are derived from RE and its
corresponding AD. Regarding R9, it offers the two forms, as a result, it supports RE
too. Lastly, P10 is presented as requirements-modeling strategy, therefore P10 does not
support RE. Regarding SOCA-rap, it provides support for RE by defining the activities
and their description, and by establishing how these activities iterate throughout the
process. More specifically, SOCA-rap includes the activities of Requirements
Elicitation, Requirements Analysis, Modelling/Specification, and Requirements
Validation (see Table 7). The way to iterate in SOCA-rap consists of two dimensions
related to the whole SDLC (see Figure 1). The SDLC is divided into four phases,
namely Requirements, Design, Construction and Operation, which make up the
horizontal dimension of the process. Each phase comprises specific activities. For
instance, the SOCA-rap activities pertain to the Requirements phase. Meanwhile, the
vertical dimension deals with products and entails building MDA models during
specific phases. Table 6 shows each model that encompasses various SOCA-rap
products.

7.2 Support for MDA

Support for MDA refers to proposals that focus on Model-Driven Development. Such
proposals focus on defining products to be built that are grouped in the CIM, PIM, PSM
and Executable Models, as well as the transformation between these models.
Nevertheless, current approaches also strive to detail the development process for each
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stage of the software development process. The CIM model is closely interconnected
with the requirements stage. Also, the PIM, PSM and Executable model are closely
related to the architectural design stage, the detailed design stage and the
implementation stage, respectively.

Only P9, P10, and SOCA-rap provide support for MDA. P9 provides an SDLC
description for developing MDA models. It is advised to construct each model in a
singular phase, with corresponding activities and products allocated to each stage,
respectively. Regarding RE, P9 propose to construct two products, namely “CIM
model” and the “Requirements model,” but does not provide details. P10 proposes
stages, activities and products for a comprehensive SDLC process for developing
service-based systems. The proposal does not encompass the requirements analysis
process. Instead, it puts forward the CIM model for service-based systems. On the other
hand, SOCA-rap proposes the requirements analysis process by outlining the activities
and their products. These activities are grouped into the Requirements phase.
Additionally, SOCA-rap categorises the products into the CIM, PIM and PSM. As the
requirements process has an obvious connection to the CIM model, the majority of the
products fall into this category. Although, there is a typical association of requirements
with the CIM model, some products of the Requirements phase are not Computing
Independent. As a consequence, these products should be included into the PIM or PSM
model. SOCA-rap considers such grouping emphasizing the early design and the
linkage of requirements and architecture design.

7.3 Support for SOSE

SOSE support pertains to processes that take into account service-oriented development.
P10 proposes the products of the CIM model that are directly related to RE. Therefore,
only P6, P10, and SOCA-rap provide support for SOSE. P6 introduces a RUP version
for service-based systems, which describes each phase of the software development
process. P10, on the other hand, focuses on the products of requirements and modelling
questions but does not address the requirements phase process. In addition, SOCA-rap
includes the necessary elements, and specially, the products mandated by SOSE
requirements. Furthermore, P6, P10, and SOCA-rap address requirements, either
through the definition of the requirements process definition and/or definition of
requirement products.

SOCA-rap includes and describes most of the products that are present in RE and in
SOSE proposals (see Table 6). The products are presented as part of the different MDA
models; specifically, those that have products related to the requirements process and
those models that are constructed during the requirements process. Such models are
CIM, PIM, and PSM.

Overall, we can see that the proposals that provide better support are P6, P10, and
SOCA-rap. However, the two former miss to provide support to MDA and RE,
respectively, whereas SOCA-rap provides full support to all elements of Table 10.



An MDA-based Requirements Analysis Process 811
8. Threats to Validity

In the case of threats to internal validity, the results of the accuracy evaluation could be
affected by a bias in the selection of the ten works that were used to compare our work.
We reduced this threat by following disciplined principles to search the reviewed works.
These principles are: 1) the work explicitly or implicitly define artifacts to be developed
during the requirements process, 2) the work define the activities of the requirements
process, design process and/or CIM modeling, 3) the work defines its products in terms
of viewpoints for the various stakeholders in the business or development process.
These search principles privilege the manual analysis of the works. The manual analysis
allowed us to identify and discriminate themes or topics, and refine searches.
Furthermore, it allowed us to consider references whose documents are difficult to find
even with the complete reference, especially, old references of doctoral theses or
technical reports.

Threats to external validity are related to the extent the fulfillment of the evaluated
aspects reflect the most important characteristics of a RA process for SOCA. We
improved external validity by using an example case, which showed the feasibility of
our approach. The example case shows how the requirements process builds the CIM,
and also shows how to build the first stages of the PIM and the PSM. The artifacts
constructed exemplify the requirements products of each MDA model according with
the viewpoints proposed by SOCA-rap. The example case, also illustrates how,
following the transformation lines in Figure 3, it is possible to transform some products
into others. And how these transformations, progressively link the domain model (CIM)
to the system models (PIM and PSM). Where the PIM is still independent of how it will
be implemented, and the PSM is already a design to be implemented.

It is also shown that the definition of the artifacts is applicable to SOCA. The case
example illustrates how to follow the SOCA-rap process, its transformation lines, and
the construction of its products. This illustrates how each model in the transformation
line is aligned first to business issues, then to system issues, and then to the
implementation. Finally, the example case illustrates the execution of the first iteration
of the development process for the requirements. Finally, the construction of the product
CIM-5 provides a rough idea of the number of iterations/increments (i.e. stages of
development) that are required to complete the system.

9. Conclusion

We methodologically studied ten approaches, which come from related complementary
areas, namely RA, RE, AD, SOSE, and MDA. Our study found some characteristics
that a good requirements analysis process for SOCA should possess. These
characteristics are the following: (1) the process has an early design on the software
development, (2) it considers the link between requirements analysis and architectural
design, and (3) it describes the products and the models to be constructed. We then
employed and applied a comparative framework to the reviewed methodologies in order
to identify the elements that a SOCA requirements analysis process needs to meet the
above-mentioned characteristics. Based on this, we developed SOCA-rap, which defines
its elements in terms of phases, activities, products, and roles/viewpoints. SOCA-rap
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covers all characteristics, except the means to carry out model transformation among the
models. Hence, SOCA-rap defines the products of the requirements process. Each
product is defined as part of an MDA model. In addition, each model is documented in
specific documents of requirements. Concretely, the CIM is documented in the System
Definition Document and the System Requirements Document, while the PIM and PSM
are documented in the Software Requirements Specification (SRS) and the Initial
Design Document.

In section 7 we evaluated the support that SOCA-rap and the reviewed
methodologies provide to RE, SOSE, and MDA. We can see that SOCA-rap offers
more support than the other approaches.

Finally, as future work, we will provide a model-to-model guide for carrying out
model transformation of the models defined in the SOCA-rap.
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