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Resumo

Esta tese apresent&OD-M (Policy-based Service Oriented Development Methodology),
uma metodologia para a modelagem de aplicas>es orientadas a servieos a qBal’tisasde
qualidade. O trabalho prop>e um mZtodo orientado a modelos para desenvolvimento de apli-
cas>es conbiveis! SOD-M consiste de: (i) um conjunto de meta-modelos para representas<o
de requisitos n<«o-funcionais associados a servisos nos diferentes n’veis de modelagem, a partir
de um modelo de caso de uso atZ um modelo de composie<o de servieo, (i) um meta-modelo de
plataforma espec’Pca que representa a especibcas«o das composisoes e as pol'ticas, (iii) regras
de transformaes<omodel-to-modeé model-to-texfpara semi-automatizar a implementae<o de
composisoes de servieos conbiveis, e (iv) um ambiente que implementa estes meta-modelos e
regras, representando assim aspectos transversais e limitas>es associadas a servieos, que devem
ser respeitados. Esta tese tambZm apresenta uma classiPcas<o e nomenclatura de requisitos
n<o-funcionais para o desenvolvimento de aplicas>es orientadas a servieos. Nossa abordagem
visa agregar valor ao desenvolvimento de aplicas>es orientadas a servieos que tem necessidades
de garantias de requisitos de qualidade. Este trabalho utiliza conceitos das freas de desenvolvi-
mento orientado a servieos, design de requisitos n<o-funcionais e desenvolvimento dirigido a
modelos para propor uma solue<o que minimiza o problema de modelagem de servieos web
conbitveis.

crea de Concentra«<o: Engenharia de Software
Palavras-chave servieos conbiveis, pol'ticas, desenvolvimento dirigido a modelos, metodolo-
gia,! SOD-M.



Abstract

This thesis presentsSOD-M (Policy-based Service Oriented Development Methodgjogy
a methodology for modeling reliable service-based applications ymhges It proposes a
model driven method with: (i) a set of meta-models for representing non-functional constraints
associated to service-based applications, starting from an use case model until a service com-
position model; (ii) a platform providing guidelines for expressing the composition and the
policies; (iii) model-to-model and model-to-text transformation rules for semi-automatizing
the implementation of reliable service-based applications; and (iv) an environment that im-
plements these meta-models and rules, and enables the applicati®@Oaf-M. This thesis
also presents a classibcation and nomenclature for non-functional requirements for developing
service-oriented applications. Our approach is intended to add value to the development of
service-oriented applications that have quality requirements needs. This work uses concepts
from the service-oriented development, non-functional requirements design and model-driven
delevopment areas to propose a solution that minimizes the problem of reliable service model-
ing. Some examples are developed as proof of concepts.

Area of Concentration: Software Engineering

Key words: reliable service, policy, model-driven development, methodolb§%HD-M.
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1 Introduction

Orhe greatest enemy of knowledge is not
ignorance, it is the illusion of

knowledged

Stephen Hawking

A Web service is a logically atomic component that provides operations through a stan-
dardized interface and is accessible on the Internet. The most important features of a Web
service platform is the use of the Internet high-level protocols for making software compo-
nents interact among each other. Web services use three major standard technologies, namely:
a communication protocol (SOAPSimple Object Access Protoc$2d]), an interface descrip-
tion language for describing services (WSDMeb Service Debnition Languafd]) and a
specibcation for publishing and Pnding services (UDDhiversal Description, Discovery and
Integration[59]). These technologies are organized within a reference architecture that debnes
how they are used for using services as components that can exchange messages for implement-
ing specibc application logics.

Furthermore, it is possible to create new serviges, (composite serviceby composing
existing ones. Service composition is dePned by a process consisting of activities implemented
by other services .

Some composition processes require to dePne more complex interactions among services.
For this, it is necessary an adequate description of the interface that can describe composite
services. Since WSDL descriptions specify only static aspects, some proposals specify services
and its compositions by adding behavioral characteristics, su¢tEASS [L3], BPEL4AWS §],

XLANG [107, WSCI [9] e OWL-S [L9].

Current standards in service composition implement functional, non-functional constraints
and communication aspects by combining different languages and protocols. For example, to
add a transactional behaviour to a service composition requires the implementation of code us-
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ing the WS-Coordination, WS-Transaction, WS-BussinessActivity and WS-AtomicTransaction
standards. The selection of the adequate protocols for adding a specibc non-functional con-
straint to a service composition (e.g., security, transactional behaviour and adaptability) is com-
pletely left to the programmer. As a consequence, the development of an application based on
a service composition is a complex and a time-consuming task. This is opposed to the philoso-
phy of service-based software engineering that aims at facilitating the integration of distributed
applications.

Non-functional properties of service oriented applications has been addressed in academic
works and standards and it is based on the characteristics of standards used to describe services
API, for instance WSDL3(Q], or in the characteristics of REST architectures where methods are
part of the communication protocol, and also used to express service coordination like BPEL
[89].

Non-functional properties are in general not considered when a service-oriented application
is modeled. Methodologies in general focus on the application logic and then rely on program-
mers for implementing non-functional properties either by coding them directly (e.g., handling
exceptions) or by conbguring the services provided by the middleware (e.g., persistence or
transactional properties).

Not respecting a non-functional property expressed in a specibcation in the design phase,
implies an exceptional behavior of the application. These exceptions are dealt according to
predePned actions also expressed in the design phase, oriented to tolerate these exceptions. In
consequence, a reliable service coordination is the one that conforms to a specibcation and that
Is exception tolerant, where exceptions concern the violation of constraints and business rules
debned in the specibcation. Different to existing works, our approach supposes autonomous
services! and does not associate these properties to services but to an application logic im-
plemented as a coordination. Of course, when non-functional properties associated to a ser-
vice coordination depend on the properties of participating services, the programmer should be
aware of that and provide non-functional properties partially, model compensating strategies
for ensuring them or at least program recovery actions that can signal an exception when a
non-functional property is violated.

In general, software engineering techniques have been conceived for supporting the de-
velopment of applications, and service-based applications should not be the exception. The
evolution of the software engineering Peld has led to the proposal of the MDA (Model Driven

A service is autonomous when it does not share its execution state, it can evolve independently of the applica-
tion that use them, and it does not provide means for controlling its availability.
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Architecture) approach. MDAZQ] is an important approach for the alignment between high-
level information modelling, non-functional requirements and service-based development, be-
cause it provides a conceptual structure that extends from the models used by system analysts
to different models used by software developers.

The challenge to the use of MDA in modeling of cross-cutting aspects of the application
from the more abstract level of design is the ability to use different types of models for differ-
ent purposes and understand the differences between the terminologies for the non-functional
properties 120.

MDA allows the specibcation of a system as an abstract model, which may be realized as
a concrete implementation (e.g. WSDL, BPEL or PEWS). Using a MDA specibcation it is
possible to generate the source code for implementing the software system from an abstract
model. The MDA methods provide a skeleton of the program source code, implemented as
a source code template where predebned tokens are then replaced with code. MDA methods
separate design from architecture. The design addresses the functional requirements while ar-
chitecture provides the non-functional requirements like scalability, reliability and performance
are realized.

1.1 Motivation and Problem Statement

Software construction is moving towards the use of methodologies for controlling the soft-
ware development process and facilitating the specibcation of functional and non-functional
requirements (NFRs), and its maintenance and evolution for integrating new functionalities.
There exist several methodologies, methods and new approath&3[103 51, 21, 79| for
software engineering, improving software development and modeling non-functional require-
ments. These methods can help to ensure the coherence between functional and non-functional
properties necessary to the system, particularly when information systems include complex
business processes calling web services or legacy applications exported as services. The chal-
lenge is to ensure reliability properties for the complete application. There are still a number
of problems to be solved in the development of systems, specially for service-based develop-
ment,e.g, automatic composition, NFRs specibcation and modelling, or specibc development
methodologies for service-based applications.

Service oriented computing is at the origin of an evolution in the Peld of software devel-

2 The concept of reliability of service-oriented applications used in our work is associated to the concepts of
correctnessrobustnesandreliability introduced in (i)Design by Contract71, 74, 73], (ii) referred by [71, 73
and (iii) debned in the database domain.
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opment. An important challenge of service oriented development is to ensure the alignment
between IT systems and the business logic. Thus, organizations are exploring new mechanisms
to bridge the gap between the developed systems and business2ige@ik¢ literature stresses

the need for methodologies and techniques for service oriented analysis and design, claiming
that they are the cornerstone in the development of meaningful service-based appli€diions [

In this context, some authors argue that the convergence of model-driven software development,
service orientation and better techniques for documenting and improving business processes are
the key to make real the idea of rapid, accurate development of software that serves, rather than
dictates, software usersO goalsd.

Service oriented development methodologies providing models, best practices, and ref-
erence architectures to build service based applications mainly address functional aspects
[11, 25, 41, 93]. Non-functional aspects concerning service and applicationOs semantics, of-
ten expressed as requirements and constraints in general purpose methodologies, are not fully
considered or they are added once the application has been implemented in order to ensure
some level of reliability (e.g., data privacy, exception handling, atomicity, data persistence).
This leads to service based applications that are partially specibPed and that are thereby partially
compliant with application requirements.

The use of many different platforms and APIs for the development of Web applications
raises the need for an infrastructure that allows an organized execution of the analysis activities,
design and implementation, enabling the design, implementation and development of reliable
applications.

Even with the growing interest in developing higher-level models and design paradigms,
current technology seems limited for expressing constraints as non-functional requirements
(NFRs) and associating them to service-oriented applicati®hs3B]. NFRs specify global
constraints that must be satisbed by the softwa®g [

Ensuring non-functional properties has been challenging when developing applications be-
cause they are both related to the business rules of the application (e.g., dePned user rights
associated to the execution of applicationsO functions: only the manager can authorize the mod-
iPcation of a salary.) but also to the technical characteristics of the infrastructure where the
application is executed (e.g., the messages transmitted through the network cannot be modibed
while transmitted). Having a methodology for specifying the application logic and its associated
non-functional properties starting in the early phases of the development process is a difpcult
problem because:
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¥ the designer must make the difference between requirements that concern the application
logic and the non-functional requirements;

¥ the non-functional requirements specibed in an abstract way (e.g., as business rules) must
provide enough information to be translated into the specibcation of technical aspects
implementing a concrete non-functional property. For example, saying that the payment,
the authorization of delivering a package and the modibcation of the stock must be all
together successful otherwise they must be undone, can be translated into an atomicity
property associated to these operations (i.e., either the three of them are executed or none
of them);

¥ the methodology must provide general enough concepts for modeling quite different non-
functional requirements and strategies to ensure that their abstract specibcation will lead
to the implementation of protocols that will ensure these properties while the application
Is executed.

In the case of service-oriented applications it is particularly difbcult to add non-functional
properties because in general the existing protocols and models implementing some of them
assume that (i) itis possible to have a global control of the artifacts implementing the application
or (ii) at least they export interfaces in order to have information about their execution state,
the messages exchanged with others, the conditions in which messages are transmitted on the
network.

In the case of service-oriented applications, the services used as construction units are au-
tonomous, they do not share information about the state and data they manage and there are
few engagements with respect to their availability and evolution. This aspect calls for 3ex-
ible protocols and models that can accept a best effort approach for ensuring non-functional
properties. For example, to provide security, all services of the composition should be safe;
to ensure satisfactory response time, all services of the composition must provide the results
obeying restrictions of the client. These assumptions cannot be made, and thus in some cases
non-functional properties cannot be completely ensured. The methodology should take into
consideration this situation in order to refl3ect it along the different construction phases.

As services are independent components, ensuring non-functional properties is a challenge.
Different studies 15, 6, 29, 56, 116, 60, 11 try to associate non-functional requirements to
services using different approaches. Associating non-functional requirements to services com-
positions can help to ensure that the resulting application is compliant to the user requirements
and also with the characteristics of the services it uses.
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Our approach combines service-based development, non-functional aspects and model
driven architecture (MDA) so that reliable service-based systems may be developed by reducing
time delays and increasing results, such as compliance and quality.

1.2 Objectives and Main Results

The main goal of this thesis is to provide a methodology for developing reliable web ser-
vice applications. Addressing the (i) modelling of functional requirements that can be imple-
mented by service compositions and (ii) non-functional requirements expressed as constraints
associated to services and policies to ensure the enforcement of business rules that debne the
semantics of the application.

1.2.1 Hypothesis

We adopted the following hypothesis for dePning the methodology:

1. Business rules and constraints specibed as application requirements can be translated into
non-functional properties that can be associated to a service composition that implements
the application logic of a service-oriented application.

2. We believe that it is possible to model non-functional properties during the early stages
of applications development process and that this can be done using an MDD approach.
Therefore, we assume that, at least in the context of service-oriented applications, it is
possible to propose meta-models that can be specialized for expressing non-functional
properties and that can be associated to concepts used for modeling the application logic.

3. We use the notion of service in a general way without necessarily associating it to the
Web. A service is a software element implemented by a service provider that exports an
interface for calling the service and that is accessible through a network.

4. It is possible to provide a methodology for building service-oriented applications that is
agnostic of the data models exchanged by the services, the interface debnition language
used for describing the services interfaces, the protocols and architectures used for calling
services, the composition languages and the execution engines. This implies that our
methodology can consider REST and SOAP services with interfaces described in WSDL,
semistructured (JSON, XML), unstructured and structured data models, and compositions
expressed in any language.
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1.2.2 Objectives

Our work proposes the MDA based methodoldgyOD-M (Policy based Software Ori-
ented Development Methodolgdhat (i) extends the SOD-Ml] method with the notion of
Policy [47] for representing non-functional constraints associated to service based applications;
(i) debnes thé -PEWSmeta-model 105 providing guidelines for expressing the composition
and the Policies; and Pnally, (iii) dePnes model to model transformation rules for generating the
I -PEWSmodel of a reliable service composition starting from the extended service composition
model; and, model to text transformations to generate the corresponding implementation.

This work proposes also an environment that provides tools for using the methodology and
implementing reliable services based applications. By debning3i@D-M model a program-
mer can design and implement cross-cutting aspects (e.g., exception handling for describing
what to do when a service is not available, recovery, persistence aspects) and constraints asso-
ciated to services, that must be respected for using them (e.g., the fact that a service requires an
authentication protocol for executing a method).

I -SOD-M supports the construction of service-oriented applications that implement busi-
ness processes. Therefore, it proposes a development process based on the debnition of models
(instances of the meta-modes) and transformations for semi-automatically generating different
levels of abstraction that describe a service-oriented application from abstract platform indepen-
dent views (CIM and PIM level) to platform dependent views and the PSM and implementation
levels. We extended the Business and Service views of the SOD-M metflod he Business
view debnes the concepts for modeling a business process, while the Service view debnes the
concepts for designing services compositions. Our methodology introduces concepts (e.g. NF-
requirement, constraint, assertion, contract, policy) in the Policy view for describing constraints
associated to services and non-functional properties associated to service processes.

The organization into different levels of abstraction of non-functional properties proposed
by ! -SOD-M relies on its concept of non-functional Requirement (NFR) debned as a group of
semantically correlated non-functional attributes (NFA). For exangaeurityis an NFR that
comprises attributes such asnbdentialityand integrity. NFR are used for modeling global
constraints, NFAs model non-fuctional characteristics that can be precisely measured, such
as performance[99]. This kind of characteristics are closer to implementation. Then, the
concept non-functional property proposed Bg,[32, 33] is used for modeling different types
of software constraints. Thus, it generalizes the concepts NFR and NFA of our methodology.
In ! SOD-M, NFR and NFA are modelled along the different modeling levels@$sTRAINT
TYPESthat can be grouped and transformed iotONTRACT TYPES that can be transformed
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into POLICY TYPES A constraint type is used for representing a non-functional property.

The objective is to provide a conceptual structure (called framework) and associated envi-
ronment to:

¥ Capture the system requirements and specibcation using high-level abstraction models
(represented as computation independent models, CIMs). The objective is to provide
concepts for supporting the specibcation and representation of a business process includ-
ing its application logic and business rules.

¥ Semi-automatize the generation of the Platform Independent Models (PIMs) from the
specibcation given by the CIMs. The PIMs specify the business process as a service
process and its associated business rules and constraints as policies. A policy expresses
actions to do (recovery) if business rules and constraints are not respected.

¥ Transform such models into platform specibc models (PSMs). The PSMS@D-M
meta-model thé -PEWS language[105 that will serve as intermediate language for
generating executable code in the Pnal phase of the methodology process. The reason is
that! -SOD-M was developed in the context of a project where it is used for declaratively
implementing service compositions. We debned!tHeEWS meta-model, based on the
I -PEWS syntaxis, and then the mapping rules between PIM and PSM.

¥ Serialize PSMs into the executable-code that implements the system.

1.2.3 Contributions

The main contributions of our work are:

¥ Classibcation of non-functional requirements for web servicesThis classibcation is
based on an analysis of the key features in the development of service-based applica-
tions. Associating non-functional requirements to a service composition partially ensures
that the resulting application will comply to the user requirements as well as with the
characteristics of services user for implementing it.

¥ The dePnition of non-functional requirements meta-models:! SOD-M debnes non-
functional requirements meta-models for representing concepts associated to services
properties and constraints, and business rules and thereby providing a framework for
modelling reliable service-based applications.

3The! -PEWS meta-model was created during the research, according!teRE&VS language syntax.
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¥ MDA based methodology for modelling and implementing reliable service-based ap-
plications: ! SOD-M debnes a set of concepts organized according to three points of
view: (i) policy view focusing on the non-functional requirements expressed by poli-
cies, (i) business vienwfocusing on the features and the requirements of the business,
and (ii) the system viewconcentrating on the functionalities and processes that need to
be implemented in order to satisfy the business requirements. The modelling process of
I SOD-M includes models that are in correspondence with the three different abstraction
levels considered by MDA (CIM, PIM and PSM).

¥ 1 SOD-M environment: We the! SOD-M environment implemented as Eclipse plugins
that enables the use of the proposed methodology for specifying functional and non-
functional requirements of a reliable service-based application and for semi-automatizing
the transformation processes from CIM to PIM and PIM to PSM levels, and then gener-

ating executable code.

1.3 Document Organization

The remainder of this document is organized as follows:

¥ Chapter2 presents a systematic review of approaches associating non-functional proper-
ties to services and service-based applications. It introduces the main concepts used for
describing and modeling non-functional requirements in the different phases of service-

based methodologies;

¥ Chapter3 introduces thé SOD-M methodology proposed in this thesis, used for build-
ing reliable service-based applications. The chapter describes the main phases of the
methodology which is based on an MDA approach, and the meta-models associated to
the CIM, PIM and PSM levels. Developing a service-based system consists ins instantiat-
ing such meta-models and transforming them along the different levels. This chapter also
describes the transformation rules among the meta-models b8@®-M methodology,
that includes model-to-model and model-to-text transformations.

¥ Chapter4 describes thé SOD-M environment for developing service-based systems us-
ing this methodology. The chapter describes the architecture of the environment, its main
components and functions and the tools for implementing it;

¥ Chaptel5 describes the experimental scenarios that we conducted for validat€ @@-
M methodology. The chapter introduces three scenarios with different levels of complex-
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ity, some focusing on complex application logics and few non-functional requirements,
and others having in contrast simple application logics, but complex non-functional re-
guirements. Thé SOD-M methodology is systematically used for developing the case
studies. Then, a discussion is conducted for presenting lessons learned and for comparing

this methodology with a methodology of reference.

¥ Chaptel6 concludes this document. It enumerates the main results of this work underlin-
ing the main contributions and then it discusses future perspectives.

¥ Some details about our work are described in the appendices:
b AppendixA describes the method used for source selection and analysis of related

works with non-functional requirements for service-based applications;

b AppendixB presents a list of service-based non-functional requirement concepts

and dePnitions proposed in this thesis;

b AppendixC presents thé-PEWSanguage used in this work.
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2 State of the Art

GComputer science is no more about
computers than astronomy is about
telescope®

Edsger W. Dijkstra

Service oriented development methodologies providing models, best practices, and refer-
ence architectures to build service-based applications mainly address functional asp@cts |
Non-functional aspects concerning services and applications semantics are often expressed as
requirements and constraints. It is common that these aspects are not fully considered during
the development of applications. In many cases, they are considered once the application has
been implemented, in order to ensure some level of reliability (e.g., data privacy, exception han-
dling, atomicity, data persistence). This situation leads to service-based applications that are
partially specibped and that are partially compliant with initial application requirements.

In systems and requirements engineering, a non-functional requirement (NFR) specibes
criteria about the behaviour of a system. These criteria may be not related to the results pro-
duced by the system, but to other conditions of its performance and execution. Non-functional
requirements are often called qualities of a system. They are also referred as OconstraintsO,
Oquality attributesO, Oquality goalsO, Oquality of service requirementsO or Onon-behavioural re
quirementsQLPE. In the case of service-based applications, non-functional requirements con-
cern the application itself as well as its component services.

In the case of service-based applications, non-functional requirements concern the applica-
tion itself, as well as constraints imposed by the services. Associating non-functional require-
ments to services composition can help to ensure that the resulting application is compliant to
the user requirements and also with the characteristics of the services it uses. As services are
independent components, ensuring non-functional properties is a challenge.

Programming non-functional properties is not an easy task and different sta&jes, [
29, 56, 116 60, 110, 67] associate non-functional requirements and services using different
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approaches. Although they are used as synonyms in most NFR approé@dhese[distinguish

the concepts of non-functional requirements and non-functional attributes. NFRs are debned
as a group of semantically correlated non-functional attributes (NFA). For exaseglarityis

an non-functional requirement that comprises attributes suchrasdentialityandintegrity. A
non-functional attribute describes the characteristics of a functional require®@@rg83] .

This chapter (i) presents the background concepts of this the§iy presents the state of
the art of Web service based methodologies and non-functional requirements for web service
based applications, an@) analyses the principal methodological concepts for web service
development.

Considering the analysis, it will be conducted through a systematic rey@# The
result of this review can be useful to summarize the existing evidence concerning a treatment or
technology, to identify gaps in current research in order to suggest areas for further investigation,
and to provide a background for new research activities. The bibliography will be analyzed in
order to present the different existing concepts, proposals, problems and solutions related with
each area.

The analysis is organized in 2 parts to facilitate the understanding of the areas and related
works and what their importance in the context of service-based development. Our goal is to
identify a common nomenclature for existing NFR and web service based methodologies and
propose a specibcation of these concepts in the context of reliable web services development.

Since the focus of this work is the development of reliable service-based applications, we
analyzewhatwhereand how non-functional requirements are modeled in the development of
this type of application. Allied to this, we analyze which methodologies address development
of service-based applications and if they model non-functional aspects.

This chapter is organized as follows. Sect@d presents the background concepts of
this thesis, considering the following domains: model-driven development, service-oriented
applications, non-functional requirements and design by contract. SeétfH@resents the
main concepts and works related with non-functional requirements for web service application.
Section2.3 presents the main concepts and works related with methodologies for web service
development. Sectiok.4 present a non-functional requirements model for service-based devel-
opment and a classibcation of the main terms used, divided into levels. S2&iomncludes
for this chapter.

1A systematic review provides means of identifying, evaluating, and interpreting the literature relevant to a
particular research question or topic arég]|
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2.1 Background

The background of this work consists of the works addressing (i) model driven devel-
opment, (ii) service-oriented applications and (iii) non-functional requirements. A number
of approaches, models and solutions proposed in these domains were studied, integrated and
adapted for addressing the construction of service-oriented applications in the presence of non-
functional requirements. We underline in the following the key concepts that we used from each
of the domains of the background of our work.

2.1.1 Model-Driven Development

Model-driven development (MDD) approaches, specially the model-driven architecture ap-
proaches provides a set of guidelines for the structuring of specibcations, which are expressed
as models.

The MDA approach gives the facility to understand complex and real world systems while
providing an abstraction of the physical system. This abstract view of the system is represented
through the OMG%o0s modeling standards namely the Unibed Modeling Language 83ML) [
the Meta-Object Facility (MOF)40] and the XML Metadata Interchange (XMlI).

The Model-driven approach does not reinvent another software development process but it
regroups the knowledge of software engineering concepts to express architectures. The MDA
approach is mainly based on the Model Driven Development (M} [80] which suggests
that a system must be Prst modeled before it can be transformed to suit the Pnal execution
platforms.

A MDA-based approach establishes a specibc set of layers and transformations. The Com-
putational Independent Model (CIM), the Platform Independent Model (PIM) and the Platform
Specibc Model (PSM) are the three MDA model types. Considering this concepts, a system can
be expressed as the specibcation of an execution environment for a set of models, the relation-
ships between models, meta-models and platforms.

Computational Independent Model: CIM is a view of a system without any knowledge of
the computation details. The aim of CIM is to link the needs of the application client with the
others models that are built in the next development life cycle phases.
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Platform Independent Model:  PIM is a view of a system without any knowledge of the im-
plementation details. The PIM model requires that model elements contain enough information
to represent the system independent of platform.

Computational Specibc Model: PSM is a view of a system with specibc knowledge of the
implementation platform. After the platform independent model has been accurately debned,
the platform specibc details can be handled in the PSM.

Another important aspect of the MDA approach is the transformation between models.
Models transformation relies on a set of mapping rules between models that inform the trans-
former tool about the patterns it needs to follow to output the target model. Then, consistency
and validation of models can be automated during this transformation process, improving the
efbciency of generated applications.

2.1.2 Service-Oriented Applications

Service-Oriented Applications are debned based on the Service-Oriented Architecture
(SOA) [25, 100, 21] paradigm for organizing and use of distributed computing resources that
may be under the control of different domains, providing a uniform meaning for discovery, in-
teraction and use of these resources. SOA is a set of principles and methodologies for designing
and developing software in the form of interoperable services.

he use of SOA makes possible the integration of applications that are web based and make
use of multiple platforms for its implementation. SOA also debnes a interface in terms of
protocols and functionality.

As an architecture, SOA relies on principles of service-orientation (Web services). This is
motivated by the hypothesis that, if a service provides a simple interface that abstracts its com-
plexity, users can access the services independently, without know the development platform
on which it was implemented. So, service-orientation requires loose coupling of services with
operating systems and other technologies that underlie applications.

Web Services can be debned as software that can be discovered and invoked through the
Web. Normally independent and self descriptive, several initiatives related to web services
have been implemented with the intention of providing platforms and languages that allow easy
integration of heterogeneous systems. Services are usually built from the following specibca-
tions: XML, SOAP PR4], WSDL [30], and UDDI [59]. Besides these, it is possible to use other
technologies for services, such as ontologies DAML6§ that debne standards for discov-
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ery, description and invocation of services. An example of another initiative that uses service-
oriented technology is the Business Process Execution Language for Web Service (BPEL4AWS)
[86, 87, 61], where a composition of web services can be described through representation of
business processes.

Considering composition of services in general, two paradigms guide the compositions: the
choreography and orchestratiatOfl]. The orchestration is concerned with the Bow of inter-
actions between services (business logic and execution order of services, such as a workf3ow).
The orchestration requires an engine that coordinates the composition execution. The chore-
ography describes the order in which messages are ordered for using the methods exported by
one or several services. The choreography is used for expressing the conversations that an ap-
plication can have with a service. A conversation specibes the sequence of valid messages that
a service con receive. These sequences correspond to the protocols for exchanging messages

with a service.

2.1.3 Non-Functional Requirements

A non-functional requirement (NFR) is a requirement that specibes criteria that can be used
to judge the operation of a system, rather than specibc behaviors. Non-functional requirements
are often called qualities of a system. However, f88] [there is not a formal debnition or a
complete list of non-functional requirements. NFRs are classibed into consumer-oriented and
technically-oriented attribute8%.

Based on 85|, during the design process goals are decomposed design alternatives are
analyzed with respect to their tradeoff design decisions are rationalized goal achievement is
evaluated and a selection is made In this approach NFR-related knowledge is codied into meth-
ods and correlation rules. This way a body of codied NFR-related knowledge offers the needed
subject matter and vocabulary and is made available and reusable throughout the Bicess [

In the area of software requirements, the term non-functional requirements has been used
to refer to concerns not related to the functionality of the software. However, different authors
characterize this difference in informal and unequal debnitions, sucRegu{dements which
are not specibcally concerned with the functionality of a system. They place restrictions on
the product being developed and the development process, and they specify external constraints
that the product must me@t32].

Expressing and enforcing non-functional properties for distributed systems is a well-known
problem with several associated existing solutions that have modeled thoroughly them for pro-
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viding middleware services. For example in object oriented solutions like CORBA, and com-
ponent oriented solutions like EJB. Models and protocols have been debned in the distributed
systems and the database domains for dealing with non-functional requirements that concern
for example, security , tolerance to failure (e.g, transaction monitors, synchronization protocols
like 2PC), persistence. Lately service-oriented applications, call for approaches that can in-
clude these aspects trying to be loyal to the facility of construction philosophy. Some solutions
leave this task to the middleware infrastructure (e.g., the service bus peffdss some non-
functional services), to the engines that execute them. Other approache®)ikec[ude the

code that implements non-functional properties, as protocols within the coordination code that
implements the application logic of service-oriented applications or within the communication
protocol used for calling services methods (e.g. data encryption of SOAP messages). This later
approach is particular to works stemming from the Business Process domain @&PMrd

also to WS-* standards.

2.1.4 Design by Contract

We used the notion of reliability in order to have a common approach for dealing with
non-functional requirements (i.e., ensuring that the system respects them and debning actions
when they are not respected). The concept of reliability of service-oriented applications used
in our work is associated to the conceptscofrectnessrobustness&ndreliability introduced
in (i) Design by Contracf71, 74, 73], (ii) referred by [71, 73] and (iii) dePned in the database
domain.

Design by Contract is a method for developing software. Design by Contract is the principle
by which interfaces between software modules should be designed using precise specibcations.
The principle behind Design by Contract is a class and its client have a contract with each other.
Contracts debPne mutual benebts and obligations (pre-conditions and post-conditions, respec-
tively), and constraints (invariant). Contracts are debPned in program code through comments of
their own programming language and is translated into executable code by the compiler. The
properties (predicates) of the contract are known as assertions (assertions).

Assertions are representations of states. Expressions are true at certain points ové]code [
becomes important when one wants to prove the correctness a program. To be able to prove the
correctness of a given program or a piece of code, it is necessary to debne logical expressions
that represent desired states. If one of the conditions is not satisbed, there was something wrong
with either, the debned assertion or the depnition of the program.

2http://petals.ow2.org
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Design by ContractlebPnes reliability as a concern that integrates the ability of a software
element to perform the tasks as debned in its specibcation (correctness) and that reacts appro-
priately to abnormal conditions (robustness). Furthermore, the notion of contract proposed by
[71, 74, 73] enables the specibcation of actions to take when one of these properties is not re-
spected by a service.7], 73] associate the notion of reliability to the conformance between
the requirements specibcation of a software component and its implementation with the objec-
tives to avoid possible bugs. Thus, reliability is associated to the absence of bugs of a software
component with respect to its specibcation (during the design phase).

In the database domain, reliability is often related to a kind of failure tolerance in the sense
that a database application is reliable if it handles exception and it ensures that data consistency
will be maintained despite possible physical and logic failuse§9)].

Based on this background concepts, the challenge was to analyze approaches concerning the
non-functional properties and generalize them into the meta-models that are core components
for a service-oriented methodology.

2.2 Non-Functional Requirements for Service-Based Appli-
cations

This section presents a systematic review of the non-functional requirements and properties
used in the context of service-oriented development. The purpose of our analysis is:

¥ to identify the concepts, properties and notations used in the service-based systems de-
velopment;

¥ to bnd if there is any pattern or relationship between non-functional requirement concepts
in different modelling levels.

The functional and non-functional requirements are rebned in each phase of the develop-
ment. As a result, the granularity of the requirement becomes tiner and more precise.

We propose 7 research questioRg); to RQ7) to guide our analysis of the bibliography
about non-functional requirements. For each question we debne a set of possible answers in
order to guide the analysis. These possible answers are debned from our knowledge on each
topic. The questions are closely related to service-oriented development with a NFR focus.
They are:
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¥ RQ;: How are NFR modelled by existing methodologies for developing Web services

applications?
b Answer is specibc to each proposal
¥ RQ »: Which are the NFR that are more frequently used by developing web services?
b Possible answers: security / availability / portability / .../ reliability / performance
¥ RQ 3: What is the software development approach used in the work?

b Possible answersModel driven approach (*MDD) / Ontology (*Ont) / Formal
method (*FM) / Artibcial intelligence (*Al) / Business Process Modeling (*BP) Tra-
ditional (*TDT)

¥ RQ,%: What is the discipline of ther@n-functional requirement/ @on-functional
propertie© used in the work?

b Possible answers:Software architecture / QoS model / Language depnition /
Methodology / etc

¥ RQ 5: Does the paper propose a (meta)model describing and analyzing NFR? Is there
any relationship between the proposed non-functional requirements (meta)model and

business servicé?
b Possible answeryes / nobyes / no
¥ RQ ¢: Are the non-functional aspects treated in an independent way?
b Possible answersingle / composition
¥ RQ 7: Which is the publication year of the paper?

b Possible answerear of publication

The research questions identify characteristics of the service-oriented application devel-
opment, especially the modelling of non-functional requirements/properties, how they are ad-

dressed and if they are classibed.

3 Since the objective of our work was to develop a methodology for supporting the service-oriented application
development process, the goal of R@as to look for a OstandardO or a classibcation of non-functional require-
ments for service-oriented development. As any research question, it can be too particular and can leave some
works outside its scope (e.g., KAOSY]] and i-star .18 were not part of the result).

4 Note that the term business services is used to make the difference between the services that participate in
the implementation of an application logic from the services used for implementing non-functional aspects. For
instance, CORBA domain services are those equivalent to business services. BAMKEHEnes a similar term
calledService operatiotthat is part of the business process.
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2.2.1 Concepts and Works

In order to classify the available works using the research questions, we proceed with a
systematic selection of the published papers in our beld of interest.

We used the approach described in Appedior searching, collecting and selecting some
works related with non-functional requirements for developing service-based applications. This
approach selects published articles from known sources, sutBEES ACM and Science
Direct, to be considered for inclusion in our study. Based on these data we analyzed concepts
used in each work for the description of NFRs and the differences between them. The notation
used to refer non-functional requirements will be highlighteitkilic, including the set of values
that can be associated to each concept. For example, a notation used by a workjcalitype
property or non-functional concernand the values associated with its notation sgeurity
reliability, transaction etc. Thus, considering each research question, we analyze a set of
works in order to identify any pattern or divergence between the analyzed literature.

Babamir et al.15] ranks serviceguality propertiesn three categories (business level, ser-
vice level, system level)Quality propertiesare associated witfjuality constraintsthat are
debned as assertions or propositional logic formuMsn-functional attributes, composition
model entityand model entityare the notations used by Xiao et all1f for classifying the
different concepts for non-functional requirements modeling. Non-functional attributes (NFAS)
describe the non-functional aspects in the abstract process models. The framework to model
NFRs proposes to annotate composition models with NFAs.

DOAmbrogio37] uses the ternguality characteristicso group similar characteristics into
guality categories Eachquality characteristicis quantiPed byquality dimensions Quality
characteristids a quantibed QoS aspect, for examptency, throughput, reliability, availabil-
ity, etc. Quality characteristicoof a common subject are grouped into abstiqelity cate-
gories for exampleperformancgfor latency and throughput characteristics) alegpendability
(for reliability and availability characteristics).

The termscategory, sub-categorgind property are used by Yeom et all7] to classify
non-functional requirementsBusinessserviceand systemare the possible values to be as-
sociated with the proposed terms, andud-categorycan besecurity, value, interoperability
etc. The work in 117] debnes aveb services quality modelhich considers non-functional
properties in several aspects. In this model, web services qualities are classibed in categories
and sub-categories. Chollet et B[ uses only two terms to classify and relate quality proper-
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ties with services, they arexctivity andquality property Each activity represents a functional
property that can be divided in sub-activities, depending on its granularity. For non-functional
requirements, the work ir2p] describes the possibility of creating different meta-models for
eachquality property and then relate them with activities.

Schmeling et alJ0Z uses thenon-functional concerns (NFQjotation to describe NFRs.
This term encompasses two aspects: the specibcation of NFCs and their realiza@dn. |
debnes that unctional concern (FCis a consistent piece of functionality that is part of a soft-
ware systemNon-functional concern (NFO}¥ a general term describing a matter of interest
or importance that does correspond to a non-functional requirement of a system, for exam-
ple, security, reliability, transactional behavipetc. Anon-functional actiormrepresents some
behavior that results in mon-functional attribute An example ofon-functional actions en-
cryption, which realizes th@on-functional attributeconbdentiality A non-functional activity
is also used as a term, which means to encapsulate the control Bon-ddinctional actiothat
apply to the same subject. The term is used in analogy to activity and action in U2 .|

Ceri et al.p8] uses the termpolicy, rule, conditiorandaction modeto specify NFRs, and
in a similar way, Agarwal et alg] also uses the concept sérvice policyassociated with the
concept of service. Each service is also associated wsnace propertywhich may have
a specibc valuesgécurity, reliability and so on). Each service is also associated witimit
function that represents one or more requirements.

Ovaska et al90] usesquality attribute, category, conceptual layandimportanceto orga-
nize and classify the NFRs, Pastrana eB4l.[ises the terncontractto describe non-functional
requirements. In aontractit is possible to debne pre-conditions, post-conditions and invari-
ants. Aweb servicecan have mangontracts that debPnes mamgssertionsand are associated
with quality properties

Some related papers do not have any nomenclature to classify non-functional requirements.
However, some of them uses th#ribute notation [L19 18, 60|, other useproperties[48],
factors[81, 56], characteristicd45], quality level[44] or values[108 18].

2.2.2 Analysis

Although there exist many different types of notation used for classifying non-functional
requirements, in general, the values associated to them are thei garsecurity, performance,
reliability, usability, availability, etc. What distinguishes the different approaches is the adop-
tion of different NFR hierarchies in order to prioritize or classify the quality requirements. An-



2.2 Non-Functional Requirements for Service-Based Applications 36

other interesting factor is that each work uses different approaches to model these requirements.
Thus, there are different kinds of notations for non-functional requirements.

A number of approaches usg7 29, 102, 18, 48, 90| MDD (Model Driven Development)
for designing and developing systems. Fadiral. [48] presents a complete methodology that
does not focus on non-functional requirements. Fabed. [48] describes the importance of the
use of MDD in the development of service-oriented applicatiob@8[119 use formal methods
to debne a development process based on NFR for web sen@c85] {ise ontologies for the
debnitions and modeling of non-functional requirements drid, [56] use Business Process
Modeling (BPM) for system specibcation, including NFR. Most works focus on composition
service modeling while others debne requirements models for representing the properties they
use.

In [15, 117] non-functional properties for web services are classibed into three views such
asservice level, system levahd business level In the businesdevel the quality properties
are: service charge, compensation rate, penalty rate reputation at theservicelevel the
quality properties areperformanceandstability; and at thesystemevel the quality properties
are classibed intananageability, interoperability, business processamglsecurity

In the method debPned i116], each task in the process model is annotated with the NFAs
(non-functional attributes During the design phase, the service composition and the depbnition
of NFAs are separated. Then, each task in the process model is annotated with the corresponding
NFA. The attributes are related with tasks or data item. For data, the NFA&dmeandrange
and for tasks the NFAs arepst, time, resourceandexpression

DOAmbrogiod7] presents a WSDL extension for describing the QoS of web services. The
process is based on MDA. The work presents a cataldgo® characteristicfor the web ser-
vice domain and the Q-WSDL (Quality WSDL) meta-model for modeling QoS properties in
web services. The properties presented anailability, reliability andaccess control [29]
presents a security meta-model for web service composition. The non-functional requirements
considered arauthentication, integrittandconbdentiality Each property is related with a ser-
vice activity. In [L0Z, authors present an approach and a toolset for specifying and implement-
ing the composition of several non-functional properties of Web services. The non-functional
attributes described irlp2 are: conbdentiality, integrity (security concerafdresponse time
(performance concern)

The work presented inlpPg describes steps to design a selection mechanism of services
identibed as candidates for participating in a composition, considering their quality properties.
The steps arg(i) identibcation of relevant QoS informatiofi) identibcation of basic compo-
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sition patterns and QoS aggregation rules for these patterngjingdepPnition of a selection
mechanism of service candidates. As QoS properties considerd@8nhdre: performance,
cost, reliabilityandavailability.

Among the properties presented we highligaturityandperformance Users usually need
to access data securely and quickly. Most studies have both properties as the most important
non-functional requirementdReliability is also an important non-functional requirement pre-
sented in some works and required by end users.

We can now relate the research questions presented in sB@javith the works described
above. Tableg and2 show the results.

The vocabulary used for naming and characterizing NFR is not stable, 5 works out 360
(1.6%). 19 of the total of works chosen (26.31%) propose a classibcation of non-functional
requirements (see appendiy.

There are other worksl| 35, 34, 52, 103 that consider and propose non-functional re-
quirements classibcations. A number of software attributes are debned as requirements in
[103 1]. According to [L], the most common non-functional properties aperformance
interface; operational; resource; veripbcation; acceptamegntainability documentationse-
curity; portability; quality; reliability; usability, andsafety We highlightthose that are used in
most analyzed classibcationg] proposes an NFR specibcation and a template for specifying
requirements, considering both, functional and non-functional properties.

The NFRs are classibed in 4 main concepts3¥}.[The classibcation usegiality proper-
ties These properties ar@erformance; security; cosgndusability. Pastrana95] describes
an ontology based methodology and uses a NFR classibcation based in some properties, most
already described in other works. However that work is the only one tgaaability, capac-
ity and precisionproperties. Considering web services development, these properties are not
very frequently used, however, considering data processing, these properties can be important
in cases of large data processing requests through services.

Sommerville L03 classibes requirements, either functional or non-functional, in three
main blocks: process, producandexternal [103 also debnes a sub-classibcation consider-
ing the system domain. Software requirements are classibeasability, reliability, safety,
efbciency, performan@ndcapacity

Some requirements may determine the system design, for exafteep certain func-
tions in separate module§i) check data integrity for critical variables; agd) permit only
limited communication (requester / provider), are examples of restrictive requirenignts [
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Reference RQ1 : NFR concepts| RQs : NFR values | RQs : Approach | RQ4 : Domain / Scope
Babamir et al. 15 property / responsiveness / availability TDT Software architecture
category / performance / sla properties
constraint
Yeom etal. 117 category / business value / performance|/ TDT QoS model
sub-category / stability /manageability /
property security / business processing
interoperability
Xiao et al. [L16] NF attribute time / cost / resource BP Business processes
modeling
DOAmMbrogio37] characteristics / availability / reliability / MDD WSDL
category / access control extension
dimension
Chollet et al. R9] activity / security MDD Orchestration Framework
NF attribute
Schmeling et al. 102 NF concern/ security MDD Web service
NF attribute / composition process
NF action /
NF activity
Thi8en et al. 108 NF value performance / reliability FM Software architecture
cost / availability
Zhang et al. 119 attribute / security FM Access control
predicate
Basin et al. 18] attribute security MDD System architecture
Cerietal. g police / rule n.a. TDT Context-aware applications
condition / action
Fabra et al. 4§ property storage / processing MDD Web service methodology
(*case study)
Modica et al. 4] quality level sla properties TDT Service oriented
architecture
Ovaska et al.90] attribute security / reliability MDD Model development
category
Agarwa et al. 6] property / not explicitly debned Ont Policy language
policy /
function
operation cost /
performance / availability /
Jeong et al.§0] NF attribute accessibility / security / Al Service oriented
interoperability / usability /
user satisfaction architecture
performance / reliability /
NF property / scalability / capacity /
Pastrana et al9p] contract / robustness / precision / Ont Web service methodology
assertion / accessibility / availability /
NF behaviour interoperability / security
Diamadopoulou et al4pb] | NF characteristic userO subjective TDT Web service selection
perception
Gutierrez et al. $6] NF factor Security BP Web service
NF sub-factor development process
Mohanty et al. 81] NF attribute or reliability / performance / Artibcial intelligent /
NF factor integrity / usability Al Web services classibcation
response time / documentation

Table 1. Research question resul®Q,, RQ,, RQ3z, RQ4.

These examples are related with some NFR conceptseasrity, reliabilityandavailability.

In the service-based development there is a clear difference between the business, service
and system levels. Quality requirements are treated differently in each of these levels. Despite

the different nomenclatures, they can be described in generadrasunctional concerns/re-

guirementsandnon-functional attributes

Restrictions are usually related to use cases and functional requirenfdrasd[[103),

and in most cases, a service activity can be represented as an use case. This is the way in which
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Reference [ RQs5 : Service modebBusiness serviceﬁ RQg : Service type [ RQ7 : Year of publication
Babamir et al. 15 no b yes composition 2010
Yeom etal. 117 yes b yes single 2006
Xiao et al. [L1§ no B no composition 2008
DOAmbrogio37] yes b no composition 2006
Chollet et al. P9 yes b yes composition 2009
Schmeling et al. 102 no B no composition 2011
Thigen et al. 10§ no b yes composition 2006
Zhang et al. 119 no B no single 2005
Basin et al. 18 yes b no single / composition 2006
Cerietal. pg| no B no single 2007
Fabra et al. 48] yes b yes composition 2011
Modica et al. #4] no B no composition 2009
Ovaska et al.90] yes b no single 2010
Agarwa et al. f] yes b no single / composition 2009
Jeong et al.§0Q] no B no composition 2009
Pastrana et al9p] yes B no composition 2011
Diamadopoulou et al.4p)] no B no composition 2008
Gutierrez et al. 6] no B no single / composition 2010
Mohanty et al. 81] no B no single 2010

Table 2: Research question resul®Qs, RQg, RQ>.

non-functional requirements are related with web services. They do not propose a specibc way
for designing services constraints, they assume that a service is modeled as a use case, and it
has quality requirements.

Atthe service level, each service activity is related in some way with the concept of contract.
Contracts can be grouped into policies and their rules. Policies are directly related to concepts
like quality, security, performance and availability; contracts are associated with non-functional
attributes.

Due to the variety of tools and new approaches for web service development, there is not
(yet) a consensus on a software process methodology for web sel 98276, 79, 49, 98,
50].

Works proposing methodologies can be classibed into two typeboée that propose new
approaches for non-functional properties guarantees;ignthgse proposing service-oriented
development methodologies for the whole development process.

[58] proposeDesign by Contractor web services. It is possible to describe three levels
for specifying contractsmplementation level, XML levahdmodel level Design by Contract
applied to web services addresses the veribcation of web services through runtime checkers, be-
fore the deployment, such gmlrac [64], by adding behavioral information to the specibcation
of services, using JMLd4].

CDL (Contract Debnition Langua@¢76] is a XML-based description language, for de-
scribing contracts for services. The development with CDL offers an architecture framework,
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design standards and a methodolog§, [75, 77, 79, that can be easily understood and applied

to the development of applications. The greatest difbculty is that the language only represents
contracts for services. Its specibcation is generated by rePnidigniBalchines that describe the
services and their compositions.

2.3 Methodologies for Service Oriented Development

In this section, we present an analysis of some methodologies for service-oriented develop-
ment. We debPned 5 research questions to guide our analysis. The questions are closely related
to service-based systems. The criteria used for evaluation and comparison are:

¥ RQ g: What is the scope of the methodology?

b This item will review the major phases and the purpose of each particular phase in
the context of the project and service-oriented development.

¥ RQo: How does the methodology debne the development process according to the
adopted notation?

b This item describes which notation is used by the methodology for designing its
models, e.g., MDA, UML, SysML, etc.

¥ RQ 10: Does the methodology use a formalism? If so, What is the formalism used for
specifying services?

b The purpose of this item is to determine whether the methodology proposes the use
of a formalism for specifying the services, their compositions and iterations.

¥ RQ 17 : What is the approach for describing services?

b The purpose of this item is to determine the approach adopted by the methodology
for describing the development process.

¥ RQ 12: Which models does the methodology propose?
¥ RQ 15 : Does the methodology debnes serviceOs choreography or serviceOs orchestration?

b This item discusses the models proposed by methodologies for specifying the system
behavior and modeling high-level business requirements.
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Along with the research questions, we also compared the MDA models proposed by differ-
ent methodologies.

In general, for service-based systems, there is no specibc method to conduct the develop-
ment process. Our analysis, helped us to identify how these methodologies debPne activities and
models to design reliable services, as well as service-based applications.

2.3.1 Concepts and Works

Over the last few years, a number of approaches have been proposed for the develop-
ment of web services. These approaches range from the proposal of new languages for web
service descriptions3[ 83, 16, 68, 10]] to techniques to support phases of the development
cycle of this kind of softwared3, 22]. In general, the objective of these approaches is
to solve specibc problems, like supporting transactions or QoS, in order to improve the se-
curity and reliability service-based applications. Some proposals address service composi-
tion: workl3ow dePnition113 82] or semantic equivalence between servick4.[ The pro-
posed solutions come from many communities, including those of Theoretical Computer Sci-
ence 01, 114, 57, 38, 27], Software Engineering2b, 113 112 12, 70], Programming Lan-
guages 83, 8] and Database®p, 3]. However, in spite of the variety of tools, there is not (yet)

a consensus on a software process methodology for web services.

Considering the composition of services in general, two paradigms guide the compositions:
the choreography and orchestrati@0]]. The orchestration is concerned with the 3ow of inter-
actions between services (business logic and execution order of services, such as a workf3ow).
The orchestration requires an engine that coordinates the composition execution. The chore-
ography describes the order in which messages are ordered for using the methods exported by
one or several services. The choreography is used for expressing the conversations that an ap-
plication can have with a service. A conversation specibes the sequence of valid messages that
a service con receive. These sequences correspond to the protocols for exchanging messages
with a service.

There are methodologies that address the service-based development towards a standard
or a new way to develop reliable service-based applications. The methodologies analyzed in
this work are: SOD-M 391 and SOMF P1] representing the model based development for
web services; S-Cub®4] representing the business processes and service-based development;
SOMA [1(Q] that is a methodology described by IBM for SOA solutions; Extended S@B\ [
merges RUF] and BPM[61] concepts for service modeling; DEVISEJ] is a methodology
for building service-based infrastructure for collaborative enterprises. Furthermore, there are
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other proposals, such as the WIED modE)g that acts as a bridge between business model-
ing and design models. Also, traditional approaches for software engine&fifigare being
applied to service development.

SOD-M: Service-Oriented Development Methe)] proposes a service-oriented approach
and model-based development for web systems. SOD-M proposes models and standards pri-
marily focusing on the development of the systems behavioral characteristics, setting standards
for the construction of business models at a high-level of abstraction. The approach describes
three meta-models organized according to the MDMod@el Driven Architecturg [80] archi-
tecture levels: CIMComputational Independent ModgI®IM (Platform Independent Modgls
and PSM Platform Specibc Modéls

Atthe CIM level, 2 models are dePnedilue model[53] andBPMN modelAt the PIM and
PSM levels, DSL models for service. The PIM-level models ase case, extended use case,
service procesandservice compositianThe PSM level models areveb service interface
extended composition serviaadbusiness logic

The methodology provides a framework for the development of service-oriented applica-
tions with models that can express the whole development process of services-based applica-
tions. However, SOD-M has no support for describing and modelling non-functional require-
ments.

The basis of SOD-M is a set of concepts guiding the whole development, including trans-
formations between models. The concepts are represented through a meta-model. This meta-
model describes concepts of both the business and system views.

In SOD-M, the PIM level models the entire structure of the application 3ow, while, the
PSM level provides transformations towards more specibc platforms.

The methodology provides model transformations amdzig-to-PIM, PIM-to-PIM and
PIM-to-PSMtransformations. Given an abstract model at the CIM level, it is possible to apply
transformations for generating a model of the PSM level. In this context, it is necessary to follow
the process activities described by the methodology. The model to model transformations are
debned using ATL5).

SOD-M debPnes a set of concepts according to two points of (i¢wusinessfocusing on
the characteristics and requirements of the organizatior{igprgystem requirement$ocusing
on features and processes to be implemented in order application requirements. In this way,
SOD-M aims to simplify the design of service-oriented applications, as well as its implementa-
tion using current technologies.
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S-Cube: The S-Cube Frameworkofl] proposes an integrated structure for developing
service-based applications. S-Cube offers three af@asiness Process Management, Com-
position and Coordination of Services; and Infrastructurehese areas are the backbone of
the framework that are directly linked to three other areas for supporting systems development:
Engineering and Software Design; Monitoring; and Security and Software Quality

The methodology aims to guide the development of applications and describes some essen-
tial activities, such a¢i) description of business objectiygs) domain assumptions debPning
which are pre-conditions to be met for a particular application dongaingescription of do-
mains and(iv) description of scenarios for each domain

The S-Cube methodology does not provide an exhaustive list of rules for describing ser-
vices. The S-Cube framework provides activities in various service-oriented development ar-
eas, however, it is still required to apply its concepts in real case studies to give an idea of its
application, given the fact that its structure is very complex and multidisciplinary.

DEVISE: [43] identibes issues to be considered in service-based design, and gives generic
guidelines for addressing them. DEVISE helps the developer in the design of new applications
as a collection of web services, and provides means of porting existing applications to services-
based platforms.

DEVISE [43] is a methodology for debning infrastructure Web services and prescribes
adherence to a thought process that entails the division of the design of a Web Services based
collaborative application.

SOMA: Service-Oriented Modeling and Architectyr®0] is a methodology by IBM for
SOA solutions. SOMA debnes a seven-phase development life-dyediness modeling and
transformation; management solution, identibcation, specibcation, realization, implementa-
tion, andmonitoring of implementation and management

At each stage, different tasks are carefully debPned, such as the debnition of business archi-
tecture, development of service model, specibcation of services, etc.

The SOMA conceptual model is based on the SOA architectural style it debPnes an interac-
tion model with three main parts: tifie service providefwhich publishes a service description
and provides the implementation for the service);d@hsumer servicgsvhich can use the URI
for the service description directly or can bPnd the service description in a service registry for
the call); and the (iiiservice brokefwhich provides and maintains a record of services).

SOMA proposes the use of IBM Rational platform for SOA developing, and other different
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IBM tools that are available to analysts, software architects and application developers.

SOMF: Service-Oriented Modeling FramewofR1] is a model oriented methodology for
modeling software with the best practices of software project activities and different architec-
tural setting. SOMF can be used to describe enterprise architectures, service-oriented architec-
ture (SOA) and cloud computing. SOMF offers a variety of modeling practices and disciplines
that can contribute to developing a successful service-oriented applications. The main goals of
SOMF are 21]:

1. A methodology describes SOMF modeling activities and each model transformation;

2. The diagrams are created obeying some project patterns.

The methodologyOs model transformations in SOMF aim to describe and rePne aspects in
the system development process. The models discovery model, analysis model, design
model, architectural model, implementation model, quality model, operations model, business
model, governance model

Extended-SOA: [93] adopts the lifecycle of web development services focussing on the
analysis, desigmnddevelopmenphases, with approaches that are centered in functional re-
quirements. According t®p], a specibc methodology for developing services-based is impor-
tant to specify, build, improve and customize business processes available on the Web.

Extended SOA has a hierarchical structure for the development of web services, where lay-
ers are debned as followBusiness (Service) Domain, Business Processes, Business Services,
Infrastructure Services, Component-based Service Realizaim@perational Systems

The methodology is partly based on other successful models and related development, such
as the Rational Unibed Process (RUP), Components-based development and Business Process
Modeling (BPM). The difference with those models is that Extended SOA life cycle focuses
specibcally on service-oriented development.

Extended SOA is based on three principles for the design and development of services, they
are:Service coupling, Cohesion of servimedService granularity

Considering service-oriented projects, it is preferable to create high-level interfaces with
coarse granularity to implement a complete business process, since multiple calls of service
increases network trafbc. As the services are in a cooperative environment, it is unfeasible to
create services with Pner granularity. It is preferable to create functions with Pner granularity in
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a local environment. Thus, the methodology aim is to achieve services integration and interop-
erability. The Extended SOA phases aPéanning, Analysis, Design, Implementation, Testing,
Provisioning, Implementation, ExecutiandMonitor.

Traditional Software Engineering Approach: Sommerville LO3 proposes a general ap-
proach for the development of applications that use web services. Its structure uses the activities
of design, development, construction and testing of web services and their compositions. The
proposal is based on the traditional concepts of software engineering, such as:

¥ Software reuse: standards-based web service that provides a mechanism for inter-
organizational computing;

¥ Use process engineering services to produce reusable web services;

¥ Perform composition of services to facilitate and improve the development of applica-
tions;

¥ Show how business process models can be used for the design of service-oriented sys-
tems.

Service engineering allows the development of reliable and reusable services. Thus the
entire development life cycle focusses on the reuse of independent services.

A service must be designed as a abstraction that can be reused by different systems. The
main activities for service engineering af@: Identibcation of candidate servic€s) Service
design; andiii) Service implementation.

2.3.2 Analysis

Our analysis is based on the research questions 8 to 12 described at the beginning of this
section. Table88 summarizes of the main features of the methodologies described above, con-
sidering the research questions.

S-Cube and SOMF provide concepts for modeling non-functional requirements, however
they have specibcities that hinder the development. SOMF proposes a notation for modeling
and does not have a environment to assist the development process, thus hindering the design
of models and their transformations.
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The Extended-SOA methodology and the use of traditional methods for the development
of service applications seems promising, because the developer has a vision of the whole de-
velopment structure. The disadvantage of these methods is that they do not provide a way to
represent the service specibcation, such as WSDL or formalism. They also do not provide a
tool for development support. Another disadvantage of traditional methods, when applied to
service-based development, is the fact that these methods do not have the focus in the develop-
ment of services.

In the same way S-Cube, SOD-M and SOMA provide robust processes and concepts for
service-oriented development. Both methodologies have focused on model driven development.
However, these methods do not provide models for representing non-functional properties. S-
Cube uses UML to represent project models, covering the full development life-cycle, describ-
ing each service and their compositions. The S-Cube structure is quite extensive and complete,
however, S-Cube does not provide formalism for specifying service composition.

None of the analyzed methods uses a formalism for its description and specibcation of
services. Most of them use UML or some UML extension for model representation, and only
the SOMF approach does not address the full life-cycle of development, restricting the scope in
the analysis and design phases.

Considering the methodology analysis, we conclude that there are some approaches that
address modeling non-functional aspects as the methodology basis. Several methods propose
particular features to improve the service-based development. Some proposals consider the
whole life-cycle, however, do not consider non-functional aspects that should be designed when
developing applications that provide and use web services.

Some development methodologies have worked with the MDA approach, dePning models
for the different levels of abstraction of this architecture and in some cases, such as SOD-M,
DEVISE and SOMA, debning rules for automatic transformation between these models. SOD-
M is a method for service-based development using MDA, and thus dePne models at CIM, PIM
and PSM of the proposed architecture.

To conclude, based on our analysis of the data presented in 3akdm interesting
methodology for reliable service-based development needs to addietse debnition of a
service-oriented approach-oriented models for the development of applicéiilongdel non-
functional properties, using UML for thigiii) integrate the proposed method in the context of
MDA, providing the representation of the various applications levels, CIM, PIM and PSM, and
(iv) provide transformation mechanism between models, focussing on quality requirements.
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2.4 Classibcation of Non-Functional Requirements for
Service-Based Applications

According to the previous analysis, we debne the main non-functional requirement con-
cepts that are associated with service-based development. We also present a synthesis of the
concepts common to the analyzed approaches used for modelling non-functional requirements
of service-based applications. The NFRs have been classibed into threelesgeigss, ser-
vicesandsystems(also adopted bylj02)) . According to each modeling level, non-functional
requirements are being rebPned from the business level to system level.

A classibcation of NFRs can be seen ii1]]. However, in [L17] NFRs are not applied
on data, but to functions and service performance. It is important to classify the requirements
of business and data (value) restrictions, because web services can be executed in different
contexts.

In Sections 2.4.1and 2.4.2we enumerate the concepts (NFR meta-model) and values
(NFR classibcation) that we consider important for modeling non-functional requirements for
service applications.

2.4.1 NFR Meta-Model

Figurel shows the relationship between the concepts consider important for modelling
quality requirements used in service-based development.

A REQUIREMENT®, whether functional or non-functional, can be represented by one or
more use cases. A use case represestsravice Activity. For example, a paying pro-
cess can be modeled through the use cases that represent withdrawal and deposit transactions
and service provider accounts. A payment process also requires the guarantee of a complete
transaction and data security. Thus several use cases model a single requirement, and can be

implemented as services.

Each use case hdmisinessor value constraints.Business constraintare restrictions on
functions and how they may be implemented. Madue constraintsare restrictions on the
service interface, expressing the desired values for input and output data. Each constraint is
associated with NFAs.

A CONTRACT is a set of constraints for the same function. For example, a contract for

5The appendiB provides a description of each concept presented in Bgure
SWe use this ¥PEFACEto refer to the concepts of the model.
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1
Requirement Use Case Service Activity Constraint Type
1 1 1
BUSINESS : Integer
1. VALUE : Integer
T )
]_”*
NF Requirements Policy Exceptional Behavio
1 1.
1.% 1 0..*
*
1 1.
0.* Constraint NF Attribute Contract
0.% 1.% 1
cType : Constraint Type

Figure 1: Service-Based Non-Functional Requirement Model.

the payment operation. The constraints for payment are: (i) the value amount should not be
less than 10 euros and (ii) the user should always receive a purchase conbrmation by phone
message. This restrictions are grouped into a single contract for payment veribcation.

An EXCEPTIONAL BEHAVIOR happens when a contract is not respected. When this hap-
pens a new function is called or the process is stopped. For example, if the bank does not
authorize the payment, the system offers alternative forms of payment such as PayPal.

Finally a PoLicy groups similar contracts. For example, security contracts are grouped
into a security policy and performance contracts are grouped into a performance policy.

2.4.2 NFR Classibcation

Table4 shows the NFR classibcation we propose, organized as follows (by column): (i) the
level of abstraction, (ii) the proper term for this kind of abstraction and (iii) possible values to
be used. The rows represent the abstraction level for modeling the NFR. The highest level is
theBusiness levethe intermediary is th8ervice leveland bnally theSystem level

At the business modeling level, non-functional requirements are classibed into business
restrictions. We have adoptdaljsinessandvalueconstraints to address the most abstract levels
of restrictions in business modeling.

¥ Business Constraint -Represents rules for system development in terms of resource
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Modeling Level | Concept / Notation| NFR / NFA

Business Level | Constraint Business Constraint,
Value Constraint
Integrity, Transaction,
Accessibility,

Cost, Time Constraint,
Service Level | Contract Platform,

Privacy, Authentication,
Resource, Capacity,
Conbdentiability
Security, Performance,
Interoperability, Scalability,
System Level | Policy Reliability, Usability,
Availability

Table 4: Non-Functional Requirements Classibcation.

availability, interoperability, performance, dependencies, timescales. Busihess
Constraintrepresents restrictions over business activities.

¥ Value Constraint - Debnes valid subsets of values of a variable of a given type. In the
context of services, value constraint are restrictions on the data on service calls (input
and output values), expressing which range of values is allowed. This can be applied to
authentication policies, access control, data integrity, cost of services, privacy, and other
factors.

The following items describe the non-functional aspects of the service level. At the ser-
vice level, the non-functional properties will be guaranteed upon implementation of the service
requirements.

¥ Conformity - Represents the degree at which a Web service function fulblls an applica-
tion requirement.

¥ Time constraint - This property can be associated to the execution time of a particular
service. This property is related to services performance and availability.

¥ Capacity - Represents the degree at which a service can process a given volume of data
or requests.

¥ Cost - Represents the cost to run a service. It can be in time, bandwidth and money.
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¥ Privacy - The challenge in data privacy is to share data while protecting personally iden-
tiPable information. Privacy of Web services is the ability of the service must have to
preserve the data and user information.

¥ Authentication - Represents the process of making sure that the person who is asking to
use the web service is really the person that they claim to be.

¥ Accessibility - Represents the quality aspect of a web service related with the degree to
which it is capable of serving a request.

¥ Access control -Refers to exerting control over who can interact with a resoweae,
computer-based information system, a service or a databpse [

¥ Conbdentiability - Conbdentiality ensures that information is not accessed by unautho-
rized people. The private data is accessed only by authorized users.

¥ Integrity - DebPne the security attributes of the system, restricting access to features or
data to certain users and protecting the privacy of data entered into the sofbdiark |
also represents the ability of the web service to maintain the correctness of the interaction
which is ensured by the proper execution of a web service transaction.

¥ Transaction - A transaction is a unit of work performed to maintain a data integrity in a
known and consistent statg]]

¥ Resource -A resource is any physical or virtual component of limited availability within
a computer or information management system. Computer resources include means for
receiving, processing, notifying, transmitting and storing dafa [

¥ Platform - Web services platform management is the management of the platform on
which a web service is installed and provided. It is available as long as such a platform is
with the standard management interfat7.

The non-functional aspects, expressedCamtracts at the system level represent the
behaviour of the work3ow. Following, the properties we considered important for this level are
debned.

¥ Usability - ISO debnes usability ag ke extent to which a product can be used by spec-
iPed users to achieve specibed goals with effectiveness, efbciency, and satisfaction in a
specibed context of USe Ease-of-use requirements address the factors that constitute the
capacity of the software to be understood, learned, and used by its intendedsders [
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In the context of services, usability can mean how efbcient and easy to access a service is
and whether it satisbPes the needs of those who are invoking this service.

¥ Interoperability - Is a property referring to the ability of diverse systems to work to-
gether. If two or more systems are capable of communicating and exchanging data, they
are exhibiting syntactic interoperabilit33]. According to ISO interoperability is de-
Pned as The capability to communicate, execute functions, or transfer data among var-
lous functional units in a manner that requires the user to have little or no knowledge of
the unique characteristics of those ulitsin the context of services, interoperability can
mean that the services have capacity to communicate with each other.

¥ Scalability - Software that is scalable has the ability to handle a wide variety of system
conbguration sizes. The nonfunctional requirements should specify the ways in which
the system may be expected to scale®4.|

¥ Reliability - The concept of reliability has different applications in different areas. Ap-
plied to web services, reliability is the ability of the service to execute correctly the meth-
ods it exports. Itis also important that the data presented are consistent with the expected
result. Reliability specibes the capability of the software to maintain its performance
over time. Unreliable software fails frequently, and certain tasks are more sensitive to
failure [54).

¥ Availability - A systemOs availability, or uptime, is the amount of time that it is opera-
tional and available for usé{fl]. Is the proportion of time a service is in a functioning
condition. This is often described as a mission capable rate. Availability of web services,
is the probability of a service call to be successful, given a specibc time.

¥ Performance -In the context of web services, performance is how fast the service can be
executed in accordance with the needs of the user. The performance constraints specify
the timing characteristics of the softwa].

¥ Security - Represents protecting information and information systems from unauthorized
access, use, disclosure, disruption, modibcation, perusal, inspection, recording or destruc-
tion [33].

The relationship between non-functional requirements and attributes help to identify groups
of restrictions and contracts to develop specibc policies. The level of service shows non-
functional requirements, and system level presents a Pner granularity, describing the non-
functional attributes. Thus, a set of contracts that are related to the same attribute form specibc
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policies for the system. The relationship between the concepts in business, service and system
levels are presented in bglze

NFR Concepts
in Business Level

NFR Concepts
in System Level

NEFR Concepts
in Service Level

Figure 2: Relationship of the NFR Concepts.

In our work we adopsecurity, performance, availability, interoperability, usabiliyd
reliability as NFRs, and we consider as NF&scess control, time constraint, privacy, accessi-
bility, etc. These terms and proposed values will be used in ch&pt€he methodology that
will be presented in the next chapter uses this nomenclature for modeling the non-functional
requirements in the development of service-oriented applications.

2.5 Conclusions

This chapter presented a review of related approaches for the service-oriented develop-
ment of applications. We consider two important topics in our analy$jsnon-functional
requirements anfli) methodologies for service-based development. The revised methods were
grouped according to their characteristics, and analyzed their context of application.

We reviewed existing methodologies for service-based development. We analyze other
general aspects of these methodologies as their development paradigm, use of the UML and
formalism, and whether the method considered an MDA-based development or not. In this
case we have studied the main techniques and methods proposed for modelling non-functional
requirements, business process and web service composition.
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To the best of our knowledge, there are no proposals that debPne a service-oriented approach
for the whole development of systems, considering non-functional requirements. Although
many efforts have been made to support the new technological proposals for the Web such
as web services, in general, these methodologies focus their processes on traditional software
engineering approaches, with emphasis on the functional aspects of the application.

The comparative study of such methodological approaches for service development is the
basis for the design decisions of the method we propose in this work.

The analysis helped us identify a gap for improving the development of service-based ap-
plications. Our approach targets to deal with characteristics of the 3 anemsler to propose
a methodology for developing service-based applications considering non-functional aspects.

Our work addresses the development of reliable service-based applications that uses ser-
vices and non-functional aspects.

Similar to approaches such as WS-*, our work targets the specibcation and programming
of service-oriented applications, including its non-functional aspects (i.e., atomicity, security,
performance, persistence). Our work specipelicies for modeling the non-functional re-
quirements of a service composition in an orthogonal wayseparating the specibcation of
non-functional requirements from the main functionalities of the application. This is interesting
because once the policies for a given application have been debned they can be reused and/or
specialized for another application with similar requirements.

The main goal of the methodology we propose in this thesis is to provide a way for support-
ing the development of service-oriented applications in the presence of non-functional proper-
ties. The use of the WS-* standards supposes that non-functional requirements are implemented
according to the knowledge that a programmer has of a specibc application requirements, with-
out deriving them according to a methodology, thus leadirgpttiocsolutions that can be dif-

Pcult to reuse. The goal is to provide a way for supporting the development of service-oriented
applications in the presence of non-functional properties.

The methodology that will be presented provides a model-driven structure that encompasses
concepts related with service-oriented development and non-functional properties (modelled as
ContractsandPolicieg. The methodology provides a set of concepts, steps and transformations
to develop service-oriented applications.

Given that our approach is MDA-based, it allows the specibcation of service compositions

’(i) Non-Functional Requirements; (ii) Methodology for Service-Based Development; and (iii) Model-Driven
Engineering
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as an abstract model, which may be realized as a concrete implementation (program).

In the following chapters we describe a service-based methodology that we propose and
that focusses on non-functional aspects description and modeling. For this, we use model-
based development (MDD) and the classibcation of non-functional requirements described in
this chapter, as well as the meta-model with NFR notation.
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3 | SOD-M: A Methodology for
Building Reliable Service Based
Applications

Orhere are two ways of constructing a
software design: One way is to make it so
simple that there are obviously no
debciencies, and the other way is to make
it so complicated that there are no
obvious debciencies. The brst method is
far more difbcul®

C.A.R. Hoare

This chapter presentsSOD-M (Policy-based Service Oriented Development Methodol-
0gy), a methodology for modeling and developing reliable web service based applications us-
ing a MDA approach. We propose guidelines for building service compositions that include
non-functional requirements (NFRs). The methodology focuses on the development of service-
based system, considering non-functional aspects of the software being developed. These as-
pects are implemented as policies for the application services. The design of this aspects inte-
grates both functional and non-functional requirements.

This chapter is organized as follows. Sect®fintroduces the concepts, general structure
and motivations to debne a specibc methodology for policy-based web service development.
We use a motivational example for illustrating the concepts and principl&0D-M. Sections
3.2 3.3 and 3.4 describe the development models and transformations of our methodology.
They also how to apply the methodology for building concrete applications. Se&&aon-
cludes the chapter.
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3.1 ! SOD-M

I SOD-M is a MDA (Model Driven Architecture) based methodology. It provides a en-
vironment for building service compositions considering their non-functional requirements.
I SOD-M extends the SOD-MBB] method by adding the concept Bblicy [46, 47] for repre-
senting NFR associated to service-based applicatlodd®D-M also proposes the generation of
a set of models at different abstraction levels, as well as transformations between these models.

I SOD-MOs models represent both the cross-cutting aspects of the application being mod-
elled, as well as the constraints associated to services. The systems cross-cutting concerns affect
functional concerns, such as availability; recovery; and persistence aspects. Constraints are re-
strictions that must be respected during the execution of the application, for example the fact
that a service requires an authentication for executing system functions.

I -SOD-M supports the construction of service-oriented applications that implement busi-
ness processes. Therefore, it proposes a development process based on the dePnition of models
(instances of the meta-modes) and transformations for semi-automatically generating different
levels of abstraction that describe a service-oriented application from abstract platform indepen-
dent views (CIM and PIM level) to platform dependent views and the PSM and implementation
levels. We extended the Business and Service views of the SOD-M mettlod he Business
view debnes the concepts for modeling a business process, while the Service view debnes the
concepts for designing services compositions. Our methodology introduces concepts (e.g. NF-
requirement, constraint, assertion, contract, policy) in the Policy view for describing constraints
associated to services and non-functional properties associated to service processes.

I SOD-M debnes a service oriented approach providing a set of guidelines to build service
based information systems (SIS) and proposes to use services as Prst-class objects for the whole
system development proces$§.SOD-M extends the SOD-M models to include capabilities
to model NFRs. The SOD-M models that are being extendeduwse:case model, extended
use case model, service process maa service composition model! SOD-M provides
a conceptual structure to: (i) capture the system requirements and specibcation in high-level
abstraction models (computation independent models, CIMs); (ii) obtain the PIMs from such
models (specibcation documents). The platform independent models (PIMs) are designed to
specify the system details; (iii) transform such models into platform specibPc models (PSMs)
that bundles the specibcation of the system with the details of the targeted platform; and (iv)
serialize such model into the working-code that implements the system.

11 -PEWS language.
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3.1.1 General Overview

Figure3 presents the SOD-M models in the context of MDA architecture, and dePnes which
models are extended by our approach. THdseCasanodel describes services requirements,
constraints and quality requirements. Th&erviceProcessodel debnes the concept of ser-
vice contract for representing the service input and output data restrictions, as well as function
restrictions. In this model we propose the debnition of service contractd.-BeeviceProcess
model groups the constraints described in!thdseCasemodel into contracts that are associ-
ated with services. Thie-ServiceCompositiomodel provides the concept Bblicythat groups
contracts with similar non-functional requirements. For example, security restrictions, such as
contracts for authentication, privacy data access or transactions are grouped into a security pol-

icy.

SOD-mMm
Computation

Independent | - Domain Busifess
Model (CIM) | : Modeling Modeling __Value Model

| , 1[5 oo cone ot [Pl
Platform b 3 M-Use
Independent | : I:> <:| extends Case Model
Model (PIM) | : Model :
E ; { Model
J L

M-Service

exterjds Process Model

: Service Composition _.,E_UX:IEQ‘ s M-Service
Platform| : : : Model 3 Composition Model
Specific Model | :
(PsmM)| & CONTENT : HYPERTEXT BEHAVIOUR N-PEWS Model

Code

M-sop-m Jode

Figure 3: SOD-M and SOD-M Extension Models.

In the ! -UseCasemodel, use cases restrictions are designed as constraints. In the
ServiceProcesshe constraints are grouped into service contracts, and use cases are rebned
to services or functions. Then, contracts are grouped into policies.

The! SOD-M methodology proposes thePEWSmodel as platform specibPc model. An
instance of theé -PEWSmodel is generated from tHe ServiceCompositiomodel, and it is a
representation of &-PEWSspecibcation]3, 105. From a! -PEWSmodel it is possible to
generate a service composition code.

I SOD-M also debPnes model-to-model transformation rules (starting from-thgeCase
model) to! -ServiceCompositiomodel; and uses model-to-text transformations to generate the
corresponding implementation code in thé®EWSanguage.
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3.1.2 Development Process

I SOD-M uses the concept of MDA viewpoint, used as a technique of abstraction to focus on
a particular aspect of the issue or proposed system. MDA debnes, specibcally, three viewpoints
(Pgured):

¥ Computation Independent Viewpoint: This level focusses the environment of the sys-
tem, as well as on its business and requirements specibcations. At this moment of the de-
velopment, the structure and system processing details are still unknown or undetermined.
In ! SOD-M, this level is represented as a list of business services from a requirements
and business specibcation document.

¥ Platform Independent Viewpoint: This level focusses the system functionality, hiding
the details of any particular platform. This specibcation debnes those parts of the system
that do not change from one platform to another! 80D-M, this level is modelled by
the system use case, service process and service composition models.

¥ Platform Specibc Viewpoint: This level focusses the functionality, without hiding the
details of a particular platform, combining the platform independent view with the spe-
cibc aspects of the platform to implement the systen.3@D-M, the result of this level
is the! PEWS specibcatiorip5 which represents as a platform specibc model.

Computation Independent Models (CIM) aim to represent the business view, while Platform
Independent Models (PIM) and Platform Specibc Models (PSM) aim to represent the informa-
tion system view and detail the information system to be implemented to fulbll the requirements
of a business environment.

Figure4 presents thé SOD-M development process, which debPnes a service oriented ap-
proach providing the guidelines for building service-based information systems (SIS), that was
the result of the SOD-M extension described in bdlire

Next section presents the concepts that lead to modeling applicatioi®D-M. These
concepts form the basis of our methodology for modeling the reliable service-based applica-
tions.
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Figure 4:! SOD-M Development Process and Models.
3.1.3 Methodology Concepts

The concepts presented in bgbnepresent the main elements of the methodology used for
system application modeling. Th&sOD-MOs meta-modealoncepts are used in all methodol-
ogy meta-models. They describe the key concepts that must be modelled in a service-oriented
application. Thé SOD-M meta-model consists of the set of concepts for modelling and devel-
opment applications that use MDA. These concepts represent the reliable service-based system
development, and are present in the modelling any application.

Notice that the threé SOD-M methodology viewsBusiness, SysteandPolicy) are dif-
ferent to those levels proposed by the traditional MDA literat@&vi, PIM andPSM In the
I SOD-M meta-model, at different MDA levels, there are elements frorh 8@D-M concepts.

All the proposed concepts and models for business modeling (CIM level), and for infor-
mation system and policy modeling at PIM and PSM levels comprise the backbone for the
I SOD-M based applications design. These concepts are important to identify the system re-
quirements and properties throughout the development. Thus, the purpose of this section is to
present a description of each concept, so that when applied and used, it can be seen in their

2Meta-modelis the construction of a collection of OconceptsO (things, terms, etc.) within a certain domain.
A model is an abstraction of phenomena in the real world; a meta-model is yet another abstraction, highlighting
properties of the model itself. A model conforms to its meta-model in the way that a computer program conforms
to the grammar of the programming language in which it is written.
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Figure 5:! SOD-M Concepts.

proper modeling context.

The methodology relies on a set of concepts (represented as a meta-model) for modeling

reliable applications. These concepts are structured in three Vvigavgiess, SysteamdPolicy
views(Pgureb):

¥ Business view: focuses on the business features that are the basis of an information
system. The concepts that correspond toBhsiness Viewlescribe business elements.

There are some concepts which correspond to both viBusiless and System Vigws
and will be analyzed from both perspectives.

¥ System View: focuses on the main features and processes for the information system

development. Th&ystem Viewoncepts are used to describe the functionality and pro-
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cessing system.

¥ Policy View: focuses on non-functional requirements and business constraints of the in-
formation system. The concepts that correspond tdPtiey Viewdescribe the NFRs
and constraints related to the system functionalitieSOD-MOs main goal is to model
non-functional requirements considering the models proposed by the SOD-M methodol-

0ogy.

The organization into different levels of abstraction of non-functional properties proposed
by ! -SOD-M relies on its concept of non-functional Requirement (NFR) debPned as a group of
semantically correlated non-functional attributes (NFA). For exangaeurityis an NFR that
comprises attributes such asnbdentialityandintegrity. NFR are used for modeling global
constraints, NFAs model non-fuctional characteristics that can be precisely measured, such
as performance[99]. This kind of characteristics are closer to implementation. Then, the
concept non-functional property proposed B9,[32, 33] is used for modeling different types
of software constraints. Thus, it generalizes the concepts NFR and NFA of our methodology.
In! SOD-M, NFR and NFA are modelled along the different modeling levels@sSTRAINT
TYPESthat can be grouped and transformed iOtONTRACT TYPES that can be transformed
into POLICY TYPES A constraint type is used for representing a non-functional property.

The! SOD-M conceptsare:

¥ Business view:

b BUSINESS PROCESS Represents the aggregation of logically related tasks that are
carried out to achieve a given business result.

D END CONSUMER* - Represents an entity that needs and consumes business services.
End consumers are those who pay (either with money or using any other kind of
value) to obtain a service that they use themselves.

D BUSINESS SERVICE - Represents a result of a business process (or part of it) pro-
viding value for an end consumer.

b Business task®™ - Represents abusiness function performed by a business col-
laborator as a part of a business process.

D BUSINESS COLLABORATOFK - Represents an entity that collaborates in the business
processes of an organization, performing certain tasks needed to provide a business

service.

3The concepts marked withare also part of th&ystem view
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¥ System view:

D REQUIREMENT - Represents a super type for functional and non-functional require-
ments. Thus, the use cases can be related to both types of requirements.

D UsSE CASE- Represents a set of actions performed by the system to carry out part
of a business service.

b CoMPOSITE USE CASE- Represents a set of actions performed by the system to
carry out part of a business service, which can be broken down into different use
cases, which may in turn be basic or composite.

P SERVICE COMPOSITE PROCESS Represents a set of logically related activities
necessary for carrying out a business service.

D SERVICE ACTIVITY - Represents a behaviour (set of individual actions) forming
part of the execution [3ow of a business service.

D ACTION - Represents a fundamental behaviour unit that is part of a service activity
and describes some transformation or processing in the system being modelled.

¥ Policy view:

D NoON-FUNCTIONAL (NF) ATTRIBUTE - An attribute that describes the quality or
characteristics of a functional requirement. For exansplePdentialityandprivacy
is an example for a non-functional attribute for the functional requiremser reg-
istration.

D NoN-FUNCTIONAL (NF) REQUIREMENT - A group of semantically correlated
non-functional attributes (NFA). For exampkecurityis an NF Requirement that
comprises attributes such esnbdentialityandintegrity.

B CONSTRAINT - A constraint prevents the system from achieving more than its goal.
With the debPnition of constraints, the system can be more robust, and unexpected
problems can be solved before they happen. For example, in a banking system, the
customer can only withdraw money if they have a positive balance in the account.

b CONSTRAINT TYPE - Represents the types of constraints, that may be on a system
function or values. This entity can have their property setted as a business and data
(value) constraint (expressed as an attribute).

D CONTRACT - Is the formalization of obligations (requires) and benebts (ensures) of
a function, service activity or component. The following questions can be used to
debne contractdVhat does it expect? What does it guarant€ahtracts are crucial
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to software correctness and therefore they should be part of the design process. An
interface is a kind of contract.

D ASSERTION- Represents a predicate or a state of the application before it runs (its
preconditions), or the state when it is Pnished running (post-conditions);

D EXCEPTIONAL BEHAVIOUR - Are alternative execution paths if any condition or
restriction is not respected. For example, if a userOs password is not correct after
three attempts, the user account is locked for security reasons.

b PoLicy - A policy is a set of rules applied to a particular scope. This scope can be
debned as an action, an activity, a function or a workf3ow. A policy is a composition
of contracts applied to a non-functional application requirement. For example, a
security policy of a system constraint may include authentication, access and data
privacy properties.

b RULE - Represents information about an event, condition, and action where the
event part represents the moment in which a constraint can be evaluated according
to a condition represented by the condition part and the action to be executed for
reinforcing it represented by the action part.

D VARIABLE - Represents a symbolic name given to some known information. A
variable are related with a Policy. A Policy can have one or many variables. Each
Variable has a name and a type.

The following next sections will describe the example scenario to better explairst®-
M meta-model and the methodology concepts.

3.1.4 Case Study

We use a case study in order to better describe specibc details of the methodology proposed
in this work.

Consider the following scenario: An organization wants to provide the service-based appli-
cation Qo Publish Musi© that monitors the music a person is listening during some periods of
time and sends the song title to this personOs Twitter or Facebook accounts. More specibcally,
this social network user will have their status synchronized in both Tditted Facebook

4Twitter is an online social networking service and micro-blogging service that enables its users to send and
read text-based posts of up to 140 characters, knowtwaD.

SFacebook is a social networking service and website. Users may join common-interest user groups, organized
by workplace, school or college, or other characteristics, and categorize their friends into lists
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with the title of the music the user is listening in Spatifffhe user may also want to download
music. For this, the user needs to process the purchase of music they want to download. Pay-
ments will be processed via PayPal or credit card. All services are available via Spotify and our
application needs to interact with Spotify users, so they can listen music, publish on Facebook
and Twitter, and purchase music online. The corresponding use case model is illustrated in in
Pgure6.

app

app.facebook

To update a song,
the user must log in to social

networking. The user must provide id, .
password, and pass the song data. publish facebaok
' .- -
! -
'
'

<<extend>>

app.twitter

| .-
' s
: -7 <<extend>>
publish music
"""""""""""""""""""" “777( publish twitter
"

app.spotify / |

<<include>> -

download music
listen music )\

= &>10

. k
The User must be app-ban

logged in and the
connection should
be secure

- The minimum payment
value is 2 euros;

- It needs the card or paypal
user data so that the
payment is made.

seaarch music

<<include>>

'
<<extend>>

<<extend>> >
pay by paypal pay by card

receivePaiment

Figure 6: Use Case ModeT®Publish Musi© - Spotify Music Service.

Figure7 shows the activity model for our scenario. It starts by contacting the music service
Spotify for retrieving the userOs musical status. If the user wishes to download a particular song,
they can download the song to purchase (activilag MusicandDownload Musig¢. Finally
the user can publish the music. The actiytyblish musican also be modelled as a parallel
workRow for updating different social networks, as follows: Twitter and Facebook services can
be contacted in parallel for updating the userOs status with the corresponding song title.

The execution Bow is described as follows. Each action from the activity diagram represents
one or more functions in the application. Each function or service has an interface, consisting of
its input and output, and the specibcation of how to call this function/service. An activity must

6Spotify is a music streaming service offering digitally restricted streaming of selected music from a range

of major and independent record labels. Spotify allows registered users to integrate their account with existing
Facebook and Twitter accounts.
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@ download music
buy? yes

search music select music listen music w @
buy? no

Figure 7: Service Process ModdiddPublish Musi©.

be executed according to the rules identiPed in the use case model. For exampbepbifsh O
musi® action (Pguré), can be rebned into two Rows: (i) a Row to publish on Twitter and (ii)
another to update the Facebook, since each service has different rules for update and login.

Given a set of services with their exported methods (known in advance or provided by
a service provider), building service-based applications is a task that implies expressing an
application logic as a service composition together with some restrictions.

Both models presented in Pgur@snd7 use the traditional UML to design requirements
in use case diagram and workf3ow actions in the activity diagram. FRjpresents some of
the main UML concepts that are used to model system diagrams. The structure bfS€2bh
M model will be detailed in accordance with their respective meta-model and transformations
necessary for achieving the aim of modeling reliable applications.

3.2 Platform Independent Models

The Platform Independent Models (PIMYe used for modeling the system functionality,
abstracting technological detalils.

The models proposed BEOD-MOs PIM level are (Pgute ! -UseCasel, -ServiceProcess
and ! -ServiceCompositionThey provide concepts for expressing the design pfsystem
requirements and constraints) @xternal services and their compositionis) xecution 3ow;
(iv) input and output service restrictions) 6ervice contracts and actions; ang policies for
the implementation of business services. We use these models to provide a representation of the
system and to specify its restrictions.

3.2.1 | -UseCaseéModel

The! -UseCasdbgurel3) is used to describe the functionalities (services and other func-
tionalities) of the system. The services are represented in this model as use cases. We design
this model by using the UML use cases, with a small extension for considering constraints.
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app |

package %

user

actor

app.spotify / \

The User must be
logged in and the
connection should
be secure

seaarch music

comments
buy music
/|
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’

. ¢
<<include>> - .
7 dependence relationship

download music
use case
g\ actor
listen music )\

spotify

action

download music

final node
initial node
buy? yes
hd .
° L]
@ select music listen music w o
* "buy? no
fork node

Figure 8: Traditional UML Concepts.

Application constraints are represented by stereotyped use cases and comments related to them.
Each constraint describes what will be checked for a particular application function be executed.
Figure9 shows an example of how to describe constraints on use caseS@D-M. We use

part of our case study to present them. Each use case may have multiple constraints. In this
example thepublish musiaise case has an authentication constraiséi( must authenticate

"The annotation in this bgure are not part of the model. They are included for didactic explanation only. The
same applies for the other bgures in this section which present the same type of annotation.
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For a song to be published on any social network it is necessary to provide data privacy. The
constraint type concerns the authentication values and the constraint has an non-functional at-
tributes. The use case is also related with requirement, a business service and a non-functional
requirement properties.

app
constraint
1 (’jescr\pt\on constraint definition
non-functional fauthentication! - the user must procee&
attribute with login. <<constraint>>

DESCRIPTION - To update a @song, , | constraint type

the user must log in to social

<<value>>
user must authenticate

app.facebook

networking. The user must provide @id,
@password, and pass the @song data.
A\ N | constraint name
requirement $publish music$ - The user can publish ' publish facebook
the song in a social network; .
T - |_____ H =
nonrfunct\ortval }security# - The system must to provide N \ <<extend>> T
requiremen security of data for publish the music; N ! / .
N -
N ! / -7 y
) %publish music% AN \ /, -7 app.twitter
business N ' _-=7
service | ! ~c- [ <<extend>>
publish music “
L e o ST - - - { publish twitter
user . T k
actor .
\/ Use case extend relationship

Figure 9:! -UseCase model Example.

3.2.1.1 ! -UseCasdiagram, Terms and Concepts

The! -UseCasamodel describes the functional aspects of the application being developed
and the restrictions that applies to each of them. These restrictions are modeled using the
concepts: (i) constraint type and (ii) non-functional requirement with its specibc attribute.

A ! -UseCasanodel is a way to represent features of an application, services, constraints,
and consumers of application functionality.

constraint definition

<<constraint>>
<<value>>
user must authenticate

constraint type

Figure 10: Constraint Representation.

All constraints are described by stereotyped use cases. Every relationship between an use
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case and a constraint is done through a dependency relationship (from UML). All use cases that
are related with constraint must be represented such as described inlogéreonstraint is
debned by a stereotype, containingyggseandname The GONSTRAINTSare represented by a
stereotyped use cas@donstraintl

requiremgl—t\ $publish music$ - The user can publish
the song in a social network;

) N0 e
non’funCt'o?al #security# - The system must to provide N
requiremen security of data for publish the music; N

N
N
) %publish music% AN
business s \
service N
% publish music
user I
. actor

use case

Figure 11: Non-functional Requirement Representation.

Each use case is related with one or more system requirements. Moreover, these use cases
are related to non-functional requirements necessary for the proper execution of the application
function. Similarly, the function described by an case of use can be part of a business service
(in the case of service remote calls). These information to a specibc use case may be described
through comments as described in bglteAll these information must be associated with the
use case and its constraints.

constraint

- description constraint definition
non-functional Pauthentication! - the user must procee:
attribute with login .
. <<constraint>> i
DESCRIPTION - To update a @song, constraint type
the user must log in to social - -

user must authenticate

networking. The user must provide @id,
@password, and pass the @song data.

constraint name

Figure 12: Non-functional Attribute Representation.

The constraints are always related to non-functional requirements. More specibcally, each
constraint describes a non-functional attriby. authenticatiorfpresented in bgurg2). A
constraint consists of the constraint description and the identibcation of variables be veribed (by
an@, for example@song, the identibcation of the non-functional attribute and its description.

These concepts that are described in t8D-M meta-model and used InUseCase
represent the concepts we identibPed necessary for reliable service-based modeling.
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3.2.1.2 Meta-model

The concepts modelled in thee-UseCasemeta-model are: BSINESS SERVICE, END

CONSUMER, REQUIREMENT, USeE CASE, COMPOSITEUSE CASE, NON-FUNCTIONAL RE-

QUIREMENT, NON-FUNCTIONAL ATTRIBUTE and GONSTRAINT. Figurel3 presents thé -

UseCasemeta-model and the relationship between each concept. We highlight the elements

that represent thpgolicy view

In the! -UseCasen END CONSUMERIs represented by an@¥oR (Pgurel3). An ACTOR

is related to BE CASES (from the original UML depPnition), while a GMPOSITEUSE CASE

is a set of actions performed by the system which can be broken into diffesEnCRISES.

BUSINESSSERVICE aggregates severaldg CASES (Pgurel3), simply put, a service can
be expressed by one or more use cases. Notice that not always an use case will be part of a
business service. However, using our approach, we can identify in the early stages of modeling,

which use cases are related to business services.

1.*%

<<Kernel>>
Redefinable Elemen

Business Servicg

<<BasicBehaviour>3
Behaviored Classifiel

Package | 1

Classifier
*

0.*

Extension Point

Composite Use Case|

=
=T

1

1..4\ 1

Use Case

represents

extension

1

Actor

End Consumer|

addition
includingCase

Requirement

Non-Functional Requirement|

nome : String
description : String

0..* include | g, x

0..*

Extend

Include

condition

<<Kernel>>
Extended Constrainf 1

1

<<Kernel>>

Directed Relationship|

Constraint

* | cType : Constraint Type
" |description : String
. |name : String

1..%
Non-Functional Attibute

Hhame : String

Constraint Type

) BUSINESS : Integer
* | VALUE : Integer
' |EXCEPTIONALBEHAVIOUR : Integgr

description : String

Policy View Concepts

Figure 13:! -UseCase Concepts (Meta-model).

The BUSINESS COLLABORATORS concept are represented in theUseCasemodel

through ACKAGES. A BUSINESSCOLLABORATOR represents an external service or a sys-

tem that interact with the application that are being modelled. EacthilB=ESSCOLLABORA-



3.2 Platform Independent Models 71

TORS combines the features described in easbHAGE. Thus, the services functions can be
specibed being grouped into packages (Pdd)e

.app4facebook |

business collaborator/

package
publish facebook

<<extend>> T

-t Lapp.twitter |

% Lo <<extend>>
2 ] [ ublish twitter
user < p/.

service function i

Figure 14: Business Collaborator / Package Representation.

The NON-FUNCTIONAL REQUIREMENT and NON-FUNCTIONAL ATTRIBUTE concepts
are represented as part of description a®fHlcAsEsand GONSTRAINTS. For model this con-
cepts the designer will use special tags to represent them (PhLiaesl 12).

An Use CASE may have several @ISTRAINTS. Each (GONSTRAINT has its name, de-
scription, and which ones should be checked during the execution of the application. Each
CONSTRAINT is represented as a stereotyped¢nstraint») use case. A restriction may
be a restriction on data & UE CONSTRAINT), represented as the stereotypes 1ue» (Pgure
10); or on business ruleB(siness Constraijtrepresented as the stereotypjgusiness»;
and EXCEPTIONAL BEHAVIOUR constraints, which represents constraint violation for the use
case execution, represented as the stereatypecptional_behaviour».

The! -UseCaseaneta-model also represents the use of include and extend relations among
the different use cases identiPed. The semantics are the same as in the traditional UML use case
model. An include relation specibes the existence of a [3ow of events in which the base use case
includes the behaviour of the other use case and an extend relation specibes that the behaviour
of a base use case can be optionally extended by the behaviour of another use case.

3.2.1.3 UML Concepts Representation

Once described the meaning of edchiseCaseoncept in the meta-model, it is important
to know how specibc models can be created from this general representation! BE¥esZase
model created to describe application features must follow the meta-model concepts: The
UseCaseaneta-model describes what can be specibed in each model.

The! -UseCaseconcepts are modelled as described in bditrand the relationship be-
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Meta-model Concept UML Representation

Actor End Consumer
and

actor

Use Case

package

Package

Constraint

<<constratint>>
constraint name

WAe

Constraint Type <<constratint>>
<<constraint_type>>

constraint name

Non-Functional Attribute

D
! non-functional-attribute ! - DESCRIPTION

Business Service [N
% business _service % - DESCRIPTION

Requirement

$ requirement $ - DESCRIPTION T

Non-Functional Requirement

# non-functional_requirement # -
DESCRIPTION

Figure 15:! -UseCase&Concepts Represented as UML Elements.

tween these concepts is also applied to the UML elements. Fid6rasd 17 detail how to
represent the relationship between the meta-model concepts-WsaCasenodel.

Theloop arrowsymbol ¢) is used in bgure$6 and17 to relate the concepts of the meta-
model and the UML elements used in the representation of the concepts.

This means how thé-UseCasemeta-model concepts (left side) can be modelled as an
UML model (right side).

An AcCTORIs an abstraction of theNb CosTUMERconcept, presented I'SOD-M meta-
model. Thus, it is possible to associate severaif@rswith an USE CASE and many $E
CasEs with an ACTOR (END COSTUMER). The original use case meta-model debnes that
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Classifier Actor
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actor

1.* 1 q_)

1 1.*

Use Case End Consumer| @

(a) Use CaseandActor Model
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Figure 16:! -UseCaseéModel Representation.

CLASSIFIERIS a superclass of &aTOR. A CLASSIFIERIS a category of UML elements that have
some common features, suchedisibutesor methods The relationship between these entities is
many to many (Pgur&6g. An USe CASE can also be related with arkEENDS or an INCLUDE
entity in the! -UseCasanodel, and this model preserve the original UML standard semantic.
EXTENDS and INCLUDE are types of stereotyped dependence relationskipst(end» and
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(b) Use CaseRequiremenandNon-Functional Requiremeiodel

Use Case Constraint
1 0..*
<<constraint>>
<<constraint_type>>
0% constraint
1
|
1. Inon-functional-attribute! - ...
Constraint Type Non-Functional Attribute DESCRIPTION- ... @value ... @login ...
... @password

(c) ConstraintModel

Figure 17:! -UseCaseéModel Representation (2).

«include» in bguresl6bandl16gc respectively). The ETENDS relationship can modify the
behaviour of the base use case. Suppose someone wants to close a bank account, however still
have some money there. Before closing the account, there should be a withdrawal or transfer of
money in this account, so that the balance is zero. This process is modelled witreai &S
dependence between tbl®se accountise case and theithdrawal moneyandtransfer money
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use cases. ThelcLUDE relationship includes the steps from one use case into another.

A PACKAGE clause and its relationship withdg CASE and ACTOR can be modelled in
I -UseCasemodel. The original semantics was preserved and it is possible have different levels
of packages, due toARKAGE entity auto reference, one to many. Each package can have many
use cases and actors/g).

The REQUIREMENTS NON-FUNCTIONAL REQUIREMENTS and BUSINESS SERVICES
must be associated with a speciPeBJCASE. At this level of modelling, these information
are represented as commeags they are: $ ...$for REQUIREMENTS # ...# for NON-
FUNCTIONAL REQUIREMENTS and% ...%for BUSINESSSERVICE. A BUSINESSSERVICE
is a aggregation of B CASE, and each WE CASE must be related with a system requirement
REQUIREMENTS Figurel7bpresents the relationship of this concepts, and how represent this
information in UML.

All U se CASEs may also be associated with a set GG TRAINTS. A CONSTRAINT IS
a stereotyped use case that describes theSTRAINT TYPE and its restriction. Additional
information is given by comment tags,...! for NON-FUNCTIONAL ATTRIBUTE, and @
... @ for candidate variables or values that must be checked during the system execution, as
presented in Pgurg7c The relationship betweend#g CAsesand GONSTRAINT is made by a
non-stereotyped dependence arrow.

3.2.1.4 To Publish MusicUse Case

Considering the example scenario, tii® ®ublish Musi® use case can update the Face-
book or Twitter user status. Therefore, it is necessary to perform a social network authentication
with the userOs data. Each social network uses different services and different forms of authen-
tication. Theauthenticationconstraint is required to update a music status. The restriction is
stereotyped as avaluex» constraint, because theserOs idind passwordare veribed. The
NON-FUNCTIONAL REQUIREMENT that is being modelled for this use caseSecurity be-
cause, considering tabfe Gauthenticatio® is a MN-FUNCTIONAL ATTRIBUTE of Security
These information will be rePned and detailed in the following phases.

Figure18shows the model represented in bPgéifer thebuy music, download music, listen
musicandpay use cases. The model was designed considering the meta-model representation
detailed in Pgure$6andl17, and also thé -UseCaseneta-model. Notice that from-UseCase
concepts is possible to describe the actors, use cases, constraints, non-functional requirements
and their attributes. For example, thay use case (Pguréd), there are extended use cases,
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constraints, packages, non-functional requirements and non-functional attributes related to this
function. The modeling was based on the described representation bflilseCasemeta-

model. The extended use case representation presented in & used in the model

to expressed thpay by PayPaland pay by cardextended use cases. The include use case
representation presented in bgdgzis used in the model to express the included relation of
buy musicandpay use cases. The package representation presented in Btaiseexpressed

in the example by theapp.bankpackage and thpay use case relation. The representation
described in Pgurek7band17cis expressed by theay use case propertiesO description. The
combination of d -UseCaseneta-modelQOs entities means that all entities presented in 9gures
and18can be modelled to express the quality requirements.

The use cases that have restrictionsngmusia@andpay. The process of buying a song re-
quires the userQOs private data for a Spotify account, and also a secure connection, represented as
«value» and«business» constraint, respectively. For payment, the user must provide the
data of payment card or PayPal account login and password, represertedlas» stereo-
type . Other restriction is that the minimum payment value is 2 euros. e RUNCTIONAL
REQUIREMENTthat are being modelled for this use casesS®eurityandReliability. The spe-
cibc NON-FUNCTIONAL ATTRIBUTES for this restriction isTransactionand Conbdentiality
(see bgurd8).

After modeling the system services and features, and its restrictions, it is necessary to
model the services process and its execution restrictions. For this, the methodology uses a
service process diagram to describe the services execution and contracts. Next we present the
I -ServiceProcessodel. This model rebPnes the application constraints through the workf3ow
model (as presented in Figudi.

3.2.2 ! -ServiceProcesModel

A Service Processs a collection of related, structured activities that produce a specibc
service or product for a particular customer. It can be visualized with a Rowchart as a sequence
of activities with interleaving decision points. A set of linked activities that take an input and
transform it to create an output. Ideally, the transformation that occurs in the process should
add value to the input and create an output that is more useful and effective. To represent these
properties our methodology proposes th8erviceProcessiodel.

The non-functional requirements are specibed in this model using the concepts of contracts
and assertions over functions. These contracts may represent the control of privacy information,
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Figure 18: Use Case Model With Constraint Debnition - Scenario Example Rebned.

performance, reliability, and so on.

3.2.2.1 ! -ServiceProcesBiagram, Terms and Concepts

Systems that use third party services add value to the application because the services are
already available and validated. If the services do not offer any quality warranty, these quality
requirements are the responsibility of the application designer. Thus, the contracts of services
will be modeled as a wrapper which describes restrictions on input and output information on

particular functions or a set of them.

I SOD-M proposes modelin§ervice Procesdiagram [ -ServiceProcesmodel), that is
debned considering the functional and non-functional requirements designédlUs@Case

model.
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The! -ServiceProcesmodel represents the service processes and its contracts. It models
the set of system activities and describe contracts for each activity or the process as a whole.
Each service identibed in the previous modelfseCasgis mapped to an action.

assertion
property
$pré-condition$ $pre-condition$ e B
# login == 7?7 && # bankBalance > ?payment_value &&
password == ?? # cardName != null &&
! cardNumber !'= null && expression
isValid(cardNumber) #

]
assertion |

1
1
1
1
1
1
! stereotype

» <<assertion>>
verify payment data

and value
L

L] .
<<assertion>>
verify user data

buy music

assertion
name

action

Figure 19: Assertion Representation.

A ! -ServiceProcessiodel represents the system process, actions, assertions and contracts.
This model describes the work3ow for the modelled application behaviour. The behaviour is
represented by each action and the restrictions by the assertion description. All assertions are
described by stereotyped actions.

assertion $bost-condition$ $ post-condition$
buy music contract / property # (authozationOk == true) ==
(set of assertion for an # (paymentOk == true) == messageUser == '?7??' #
action) numVaucher == ?? # T
T

1
<<assertion>>
authorization to download

. .
<<assertion>>
verify payment data
and value

0
<<assertion>>
payment confirmation

<<assertion>>
verify user data

Figure 20: Contract Representation.

Figures19 and20 present the assertion and contract representation in this model. An As-
sertion is represented in UML, and a set of assertions forms a contract. Assertions describe
restrictions on a single action, but actions may have different restrictions. Fl§usbows
how an assertion is modelled, with their property type, name and acceptable values (expressed
through expressions), while Pgu2® shows how this set of assertions form a single action
contract.

Figure 21 shows the representation of the general concepts of this model, nodes, activity
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# spotifyLogin == facebookLogin && ==P Final Node
spotifyPassw == facebookPassw #

Figure 21: Node, Activity Edge and Contract Representation.

edges, actions and contracts. This bgure also rebnes the information for publish a song in a
social network.

3.2.2.2 Meta-model

Considering thed SOD-M concepts (PgurB), the! -ServiceProcesmeta-model (Pgure
22) describes the system functionalities to be modelled in a contract based service process.
The! SOD-M concepts modelled in tHe-ServiceProcesmeta-model are: GNTRACT, As-
SERTION, EXCEPTIONAL BEHAVIOUR, ACTIVITY, SERVICE ACTIVITY, ACTION and GON-
STRAINT.

Restrictions on activities and services are not described in the original SOD-M proposal.
The concepts of ONTRACT, ASSERTIONand EXCEPTIONAL BEHAVIOUR make it possible
to model restrictions on services execution, ensuring greater reliability application. Entities
highlighted in! -ServiceProcesmeta-model (Pgur@2) are the difference from the original
SOD-M service process model.

A specibc! -ServiceProcesmodel shows the set of logically related activities that need
to be performed in a service-based system. So, the activities of this model represent a be-
haviour that is part of the system workRoiWSOD-M proposes representing this model using
the UML activity diagram, with an extension fordBITRACT design, which encapsulates sev-
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Exceptional Behaviour
- . 1.
call : Object .
condit'of'\ : Strin - ! Souce  outcoming
on : 9 o J Activity Node| ; 1..x| Activity Edge
. . . 1

Activity
. 0.1 incoming
*
0.* 0.. 1.% 1 1.%
target
Constraint :
- |name : String e jx
. |description : String ) - — Control Flow Object Flow
" |cType : ConstraintType Service Activit )
1.% :
1 : T
. Contract : - Executable Node| Object Node Control Node
X 1 C1L¥ Action
. |name : String — ; [> <]
. 0.1 .
.1
1.% ) ‘
Assertion Assertion Property Activity Final Node Final Node Initial Node Fork Node Join Node
-|aProperty : Assertion Propert PRECONDITION : Integer . —I>
‘[name : String POSTCONDITION : Integer
‘| minValue : Object TIMERESTRICTION : Integer
.|maxValue : Object
-| description : String

‘| type : Object

Figure 22:! -ServiceProcess Concepts (Meta-model).

eral CONSTRAINTS modelled in! -UseCasanodel. In! -ServiceProcesshree main features

are represented: (ervice procesqii) service activityand (iii) activity contract The service
process is represented by the model itself. A service activity represents a behaviour that is
part of the execution Bow, and is identibed in this model as ami®@nN. A activity contract
represents the BIN-FUNCTIONAL REQUIREMENT behaviour that is also part of the execution
Row of a service, and is identibPed in this model as an stereotyped actiditysertion»).

All A sserTIONrelated with an ATION compose a ONTRACT. From the @NTRACT and
ASSERTIONconcepts is possible to debPne the interface specibcations for each activity service,
such as pre-conditions and post-conditions.

3.2.2.3 UML Concepts Representation

To formalize the concept of @ITRACT by rules, we use the debPnition ofSS8ERTION
(Pgure233. An ASSERTIONIs represented by a stereotyped actiaa{sertion»), and
ASSERTIONPROPERTIESthrough comments. An #SERTIONMay be agpre-condition post-
condition or atime restrictionover the service execution SERTION PROPERTY). These
information are represented as the comntags $ . . . $ The assertion predicate is modelled as
# ...#tag. Figure23ashows how these concepts are represented in UML.
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Assertion -
<<assertion>> <<assertion>> <<assertion>>
name name name
5 Contract
q—> ! q_)
<<assertion>> <<assertion>>
name name
A

$assertion property
A\l

Assertion Property # ... predicate .. #

DESCRIPTION - ... ( action )
(a) AssertionModel (b) ContractModel
<<exceptional behaviour>
name
Exceptional Behaviou ! Action

S — e
laction!

# (not) condition #

DESCRIPTION -

(c) Exceptional Behavioukodel (d) ActionModel

( action

(e) Service ActivityModel

Figure 23:! -ServiceProcesklodel Representation.

A set of ASSERTIONCOMpOSeS a servicedBITRACT related with an ATION (Pgure23b).
An Assertion describes a valueajue constrainfrom ! -UseCase model) restriction, setting
maximum and minimum limits, or business restrictions, setting conditions for function calls
((business constrairftom ! -UseCase model)). The business restrictions are debned over ser-
vice functions. Every service contract may have an exception behaviour, if a constraint is not
obeyed. For example, if the user card information are incorrect, the service is called again until
the limit of 3 calls, otherwise, execution continues normally. In this case, the exception is the
new call to the same service. For this, we also use the concept@f T IONAL BEHAVIOUR
(Pgure230. A EXCEPTIONAL BEHAVIOUR is also a stereotyped actiordxceptional
behaviour») and its properties are modelled through comment tags. The condition to be
veribed is modelled a# ...#tag. Figure23ashows how these concepts are represented in
UML. If the condition isfalse the predicate becomes true, because of the expression negation



3.2 Platform Independent Models 82

Activity Node

‘ Initial Node Final Node

Control Node

— N q_) : Fork Node +

]

Initial Node Final Node Fork Node Join Node

I

Join Node

(a) Control NodesMViodel

‘ Control Flow

1
Activity Node| 1 1.* Activity Edge Control Flow

G- m Control Flow ®

é

Control Flow action

0

Control Flow

Control Flow

action ——

0

(b) Activity Edge - Control FlowModel

1
Activity Node| 1 1% Activity Edge -
action A
0.* 1 1.

Q—> Object Flow

Object Flow @

(c) Activity Edge - Control Objed¥iodel

Figure 24:! -ServiceProcesklodel Representation (2).

(not). Thus the action is performed. The action to be performed is modelléd. ad tag.

The ACTION concept is modelled in UML as the action component (P@8®d, and a &R-

VICE ACTIVITY represents a set of &1ON (Pgure23¢. We highlight the models in bgures

233 23band23c because they present how an assertion action, a contract, and a exceptional
behaviour can be designed.

Figure24 shows the UML representation of theo8TROL NODEsand ACTIVITY EDGES
concepts if -ServiceProcess meta-model. This representation follows the original UML spec-
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ibcation. Figure24apresents the GNTROL NoDEsand how its can be applied in a real mod-
elling, and pnally bgurez4band24cshow the ATIVITY EDGESand its application.

3.2.2.4 To Publish MusicProcess

Considering the example scenario, the contract based process of activities execution is
shown in bPgure25. The activities Row in Pguré@ presents any restriction. Thus, it is nec-
essary to represent eacloESTRAINT modelled in a more representativedTRACT based
service activity diagram.

Based on the concepts described and its representation in UML, we describe how to model
a service process using the assertions as restrictions for each action. The difference of the
model shown in Pgur@ and the bgur@5is that restrictions are added on the actions in order
to describe quality requirements.

Each UsE CASE modelled in the use case diagram are rePned ir@GIANS in the ser-
vice process diagram. The set obSsSTRAINTSare transformed into ASERTIONSand GON-
TRACTS. Thebuy musiandpublish musiservices (update Twitter and Facebook) has pre- and
post-conditions assertions that are composed into a contract for each servicbuyTimeisic
pre-conditions are: (i) verify if the User data are correct; (ii) if the User is already logged in
Spotify; (iii) if bank account information are correct and; (iv) if there is enough money to make
the payment. As post-condition, it ensures the complete transaction and verify if a notibcation
were sent to the user and Spotify, about the payment authorization. There are four assertions
for the buy musicaction, and each assertion has been detailed with the assertion property and
predicate that must be veribed. Uipdateservices, depending of each service, there may be
different restrictions. As an example, a new veribcation of user data and message format is
appropriate (maximum 140 characters), in case of Twitter. In the case of Facebook, it is re-
quired that the user is already logged on Spotify and these data are the same as Facebook. As
post-condition, it ensures that the Facebook service send a notibcation of success. To update
Twitter a pre-condition is required, while to update Facebook is necessary a pre-condition and a
conbPrmation notice is modelled as post-condition. As a pre-conditiortvigit€d updaté® it is
necessary thdt) the music format be correct ani)(the twitter login and password be correct
for the update.

After modeling of service process, its features, and the service contracts, it is necessary to
model the service composition process and its policiSOD-M uses a service composition
diagram to describe the third party services and each policy allied to each composition (as
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$pre-condition$

# nameSpotify == ?? &&
passwordSpotify == ?? #

<<assertion>>
verify user data

$pre-condition$

# (bankBalance > ?value) &
cardName == ?? &&
cardNumber == ?? &&
cardValid >= ??7#

<<assertion>>
verify payment data
and check value

@ select music

buy? yes

$post-condition$
# (paymentOk == true) ==
numVaucher == ?? #

?

$ post-condition$
# (authozationOk == true) ==>
messageUser == 'download ok' #

!
I
i
i
<<assertion>>
payment confirmation

<<assertion>
authorization to
download

(' download music )

listen @
buy? no L

$pre-condition$ $pre-condition$
#songFormat == 7?# # name == 7? &&
password == ??#
T

<<assertion> <<assertion>

verify song data
format

publish? yes, twitter

Chep‘;';:fvz:;”d publish twitter

publish? yes, facebook

$pre-condition$

# spotifyLogin == facebookLogin &&
spotifyPassw == facebookPassw #

puonadevie <<assertion>>
Chigzrszgilafy publish facebook >\ send notification
!
!

$post-condition$

# notification == 'published'

Figure 25: Service Process Model with Contract DePnition - Complete Example.

presented in Figurd) . In the next section we present this model and their respective policy

concept .

3.2.3 ! -ServiceComposition Model

The service composition model represents the work3ow needed to execute a service or a
set of them, but in a more detailed wag,., identifying those entities that collaborate with the
service process workRow, performing services that are necessary to execute the actions (in the

business collaborators). Considering the workl3ow described ih-BerviceProcesdiagram,

this model identiPes the services and functions that correspond to each action in the business

process.
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Each action describes a fundamental behaviour unit that is part of a service activity and
represents some behaviour in the system being modelled.! IerviceCompositiomodel
rebPnes the concepts described in th8erviceProcesmodel, grouping contracts into policy
(Pgure22).

3.2.3.1 ! -ServiceCompositioliagram, Terms and Concepts

A ! -ServiceCompositiomodel represents service compositions and their related business
collaborators (external services), policies, rules associated with a policy and the whole applica-
tion process and functionalities.

This model is essential for the organization and modeling of services and their location. We
rebPne the representation of packages described ih-thgeCasenodel into business collabo-
rator. The set of use cases described in a pacKagss€Casenodel) will be represented by an
external service functions.

Figure 26 shows how to relate the actions described in!th&erviceProcesmodel with
services of a specibc business collaborator. A service is represented by an stereotyped action
(Cservice and their connection is made by an ed@bject Flow. Thus each action described
in the application work3ow may be replaced by a service or a composition of them. If there
is no relationship between the actions described in the application workBrtgrhal false
business collaborator) with external services, means that function is native to the application
being developed.

The main properties described in theServiceCompositiomodel for the @ publish mu-
sicO example are: (i) description of workRow applicatiBmtérnal falsg, where the business
collaboratorApplicationpoints out that it is not an external workf3ow, (ii) the external services
(business collaboratojsand (iii) the application policies. Figuré6 and27 presents how to
model the! -ServiceCompositioooncepts (Pgurg).

Figure26 shows how each action is connected to an external service (th/miplty Edge
- Object Flow, and how to debne the description of each business process, while Bigure
shows each policy property and how it should be presented in the model.

Each business collaborator encompasses a set of services that can be performed by the
application. These external services are used by the application must be described in this model,
and not in the -ServiceProcessodel. The contracts described for each action are rebPned into
policies, considering the non-functional requirement of each contract.
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isExternal attribute Original Process
<<External false>%
epplication ¢
. <<assertion>>
<<assertion>> verify payment data buy music
verify user data Y pay Y
and check value
uy? yes
buy? no
? *
Business Collaborator Activity Edge /
Object Flow
<<External true>>
Bank . <<service>> <<service>>
pay send confirmation
* .

Service
Function

Figure 26: Business Collaborator Representation.
3.2.3.2 Meta-model

Considering thé SOD-M concepts (Pgurg), the! -ServiceCompositiometa-model (Pg-
ure28) describes the service compositions to be modelled and the policies related with each ser-
vice composition. Thé SOD-M concepts modelled in tHe ServiceCompositiometa-model
are: PoLiCcY, RULE, VARIABLE, EXCEPTIONAL BEHAVIOUR, SERVICE ACTIVITY, ACTION,
BUSINESSCOLLABORATOR and NON-FUNCTIONAL REQUIREMENT.

I SOD-M proposes representing this model using the a extension of UML activity diagram
technique. This extension describes the relationship of eachd\ for the respective Sr-
VICE ACTIVITIES. Thus, as shown in bgu@8, the meta-model includes typical modeling ele-
ments of the activity diagram such agAvITY NODES INITIAL NODESand HANAL NODES
DEcCISION NODES, etc., along with new elements debned!iyOD-M such as BSINESS
COLLABORATOR, SERVICE ACTIVITY and ACTION (see bgureg8and30).

All ! -ServiceCompositiomodels describe the set of services and its relation with the ser-
vice process and its activities that need to be performed. So, the external services are represented
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<<External true>>e

L2
Bank <<service>> <<service>>
Business Collaborator pay send confirmation /*
Service

[ ;
! Function
1

1
|
T
1
1

!

Policy stereotype <<Policy>> Policy name NN
$trasactionPolicy$® attribute .
% Security % e Non-Functional Policy

Requirement definition
o Rule R1{ o Event Type
@PRE@ attribute
# event.activityName == scope.name AND N
userName == ?? AND passW == ?? AND Condition
valuePayment < userBalance# attribute
! Scope.httpRequest.Credentials = S
Rule ; )

newNetworkCredential(username, o Action

password) AND attribute
Scope.httpRequest.Payment =
newNetworkPay(cardName, cardNumber, value)!
+} Rule R2{
@POST@

! sendNotification('payment ok') AND
sendNotification('download authorized')!

}

Figure 27: Policy Representation.

by the BUSINESSCOLLABORATOR concept. All service composition may specify alRcy
as restriction. A BLICY is the set of @NTRACTSrelated with the service process expressed
in the previous model (-ServiceProcegs

Policy over service activities and business collaborators are not described in the original
SOD-M method. The rule concept grouped into policy and exceptional behaviour make possible
to model restrictions on service composition. Entities highlighted in t&&rviceComposition
(Pgure28) meta-model are the difference from the original SOD-M service composition model.

A BUSINESS COLLABORATOR element represents those entities that collaborate in the
business processes by performing some of the required actions. They are graphically presented
as a patrtition in the activity diagram. A collaborator can be either internal or external to the
system being modelled. When the collaborator of the business is external to the system, the
attributelsExternalof the collaborator is set twue.

ACTION, a kind of EXECUTABLE NODE, are represented in the model as an activity. Each
action identibPed in the model describes a fundamental behaviour unit which represents some
type of transformation or processing in the system being modelled. There are two types of
actions: i) a Web Service (attribute TypaAsy; and ii) a simple operation that is not supported
by a Web Service, called ancX1viTY OPERATION (attribute Type iAOP).
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|
0.*
Action Partition Redifined Elemen

-

Business Colaborator|

1%

from Kernel=y -~ ~
1 (stereotype) 1
1.*
1| 1. souce  outcoming
Z 1 1.*
Activity 0..4 Activity Node Activity Edge|
0..1 incoming 1

1.* 1 1.*
target ’ 1.%

Service Activity| 1 Control Flow Object Flow

hasAssociated Tl..*

1

performs Action Executable Node| Object Node Control Node
..................... P T T .A Z
Non-Functional Requirement|
name : String :
description : String
0.* Initial Node Final Node Fork Node Join Node
0..*
Policy 0..% 1
name : String . pA
1. :
1.* 0..*
Event Type Rule Variable Activity Final Node Action Type
" [PRE : Integer name : String name : String X WS : Integer
. |POST : Integer condition : String type : String . AOP : Integer
« [ TIME : Integer action : Action .
. event : Event Type

Figure 28:! -ServiceCompositio@oncepts (Meta-model).

The SERVICE ACTIVITY element is a composed activity that must be carried out as part of
a business service and is composed of one or more executable nodes.

The policy based service composition model rebnes the concept contract of service process
model. A policy assemble a set of contracts and can be applied to more than one activity. The
restriction on service composition model is marked with the stereatypg icy».

An Policy groups a set of rules. It describes global variables and operations that can be
shared by the rules and that can be used for expressing their Event and Condition parts. An
Policy is associated to the elementw 8NESS COLLABORATOR, SERVICE ACTIVITY and,
AcCTION of the! -ServiceComposition meta-model (see PRBg.

3.2.3.3 UML Concepts Representation

The representation described in bg@gpresents how the user of the methodologyOs user
apply the concepts described in theServiceCompositiometa-model. In the specibc case
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of I -ServiceCompositiometa-model, those concepts will be used to describe hoamBeSS
COLLABORATOR, ACTION, SERVICE ACTIVITY, PoLICY AND RULES can be specibed. Fig-

ure 29 also describes how the proposed concepts can be modelled in real system development
cases. Alll -ServiceCompositiobhased models (presented in bgag must follow the meta-

model description and its constraints.

Business Colaborator| Service Activit

<<External true>>
service_name

1 q_> <<service>>
1. method_name

performs

Action

(a) Service ActivityandBusiness CollaboratoModel

hasAssociated - N
Policy  ]0-* Service Activity S <Policy>>
' . 1 <<service>> $ policy_name $
name : String 1 method name /- - - - - % non-functional requirement %
Rule R_1 {
?1“* 0..* @ eventType @
3—> # condition#
Rule Variable ! action !
name : String name : String ¥
con.dltn-)r;: strlng type : String Rule R_n {
actlonl. ction @ eventType @
event : Event Type # condition#
! action !

(b) Policy andRuleModel

Service Activity
<<External false>>

- (o

Activity

ction Partition Business Colaborator] Action
1 1.

A
1

(c) Business Collaborator - External faldéodel

<<External false>>

Service Activit Action Executable Node| name @
1.x N
Ko>———
performs action_a ‘ O
1.7 J7 G-
- action_c
Business Colaborator| X ‘Activity Node
1
<<External true>>

% service_name
<<service>> <<service>>
method_name method_name

(d) Business Collaborator - External tridodel

Figure 29:! -ServiceCompositioRepresentation Models.

Figure 29a presents the representation for the relation betweem @\ and BUSINESS
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COLLABORATOR. As a SRVICE ACTIVITY are modelled as a set ofcA10NS (service func-
tions), they are represented G&xternal trueEBUSINESS COLLABORATOR. It means that
an external service is invoked by the applicationOs function. EasiNBSS COLLABORA-
TOR can represents an external service. Figi#bpresents the representation for the relation
between ATION, PoLIiCcY and RULE. Figure29c presents the representation of the original
Service Procesassociated to thEExternal falseBUSINESSCOLLABORATOR and bgur€9d
presents how to associate tBervice Proce$3 A TION with real services.

Notice that all' ServiceCompositiometa-model concepts can be represented in the real
application model, as we illustrate next using the scenario example.

3.2.3.4 Publish MusicService Composition

To illustrate the use of the-ServiceCompositiomodel we used it for debning the policy
based composition model of the example scenario (see RBflwreThere are four external
BUSINESSCOLLABORATORS, they are:Bank, Spotify, TwitteandFacebook The model also
shows the business process of the application that consists oE&XIEE ACTIVITIES (see
Pgure7): search music, select music, buy music, download music, listen @mwgjgublish
music Note that the actiopublish musicof the application calls the actions of two service
collaborators namely Facebook and Twitter, and the adiipnmusicof the application calls
two actions of the service collaborator Bank.

<<External false>>
Application

assertion>>
checl and publish twitter
S d

<<assertion>>
\send notfication

<<External true>>
Bank

<<<<<<<<<<<<<<<<<<<<

<<Policy>> N
$httpAuthPolicy$
% Performance, Security#

<<External true>>
Spotify

Rule R1{
@PRE@

<<service>>
music search

# event.activityName ==
cope.name#

<<External true>>

! Scope.httpRequest.Credentials =
Credential(username,

# event.activityName == scope.name
AND tol = null;#

<<service>>
password)! publish message )~ f - |

token = .
} Rule R2{ token = getToken()!
@POST@

<<External true>>
Facebook

} Rule R2{
@ PRE;

1sendNotification('song published")!

Scope.httpRequest.Payment = Y

newNetworkPay(cardName, cardNumber, value]! # event.activityName == scope.name
} Rule R2{ AND token != null AND
@POST@ token.isExpired() == true#

! sendNotification('payment ok') AND !token = renewToken()!
sendNotific (‘download authorized')! ¥
}

Figure 30: Service Composition Model with Policy DebPnition - Spotify Music Service.
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The Facebookand Twitter services require authentication protocols in order to execute
methods that will read and update the usersO space. A call to such services must be part of
the authentication protocol required by these services. In this example we associate two au-
thentication policies, one for the open authentication protocol, represented by th@wstess
AuthPolicy that will be associated to the activitypdateTwitter (see Pgur&0). In the same way,
the classFacebook HTTPAuthPolicy, for the http authentication protocol will be associated to
the activity UpdateFacebook. OAuth implements the open authentication protocol. As shown
in Pgure30, the Policy has a variabl@oken that will be used to store the authentication token
provided by the service. This variable is imported through the libPaiti. Token. The Policy
debnes two rules, both can be triggered by events of AgpeityPrepared: (i) if no token has
been associated to the variald&en, stated in by the condition of rulg,, then a token is ob-
tained (action part oR;); (ii) if the token has expired, stated in the condition of rBlg then
it is renewed (action part dR,). Note that the code in the actions probts from the imported
Auth.Token for transparently obtaining or renewing a token from a third party.

HTTP-Auth implements the HTTP-Auth protocol. As shown in bgB@ethe Policy im-
ports an http protocol library and it has two variablasrname andpassword. The event of
type ActivityPrepared is the triggering event of the rule;. On the notibcation of an event of
that type, a credential is obtained using the username and password values. The object storing
the credential is associated to the scope, i.e., the activity that will then use it for executing the
method call.

Thanks to rules and policies it is possible to model and associate non-functional properties
to servicesO compositions and then generate the code. For example, the atomic integration of
information retrieved from different social network services, automatic generation of an inte-
grated view of the operations executed in different social networks or for providing security in
the communication channel when the payment service is called.

Back to the dePnition process of a SIS, onceRblicy based servicesO composition model
has been debned, then it can be transformed into a model GREWS model, SectioB.3)
that can support then executable code generation.

3.3 ! -PEWS Platform Specibc Models

Platform specibc models (PSMs) are used to combine the specibcations in the PIM with
the details of the chosen implementation platform. PSM models are used to implement the
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system (generating code automatically), and they must provide all information needed to build
the system and its components. A PSM model can also run as a model to be used for further
rePnements by others PSM models.

I SOD-M platform model proposed at PSM level combines specibc details of the service-
based platforms. We usd aPEWS language meta-model for representing the specibcation of
a service composition on the language. A model can be then used to generate the correspond-
ing code. ! -PEWS [L09 is a extension of the PEWS language that provides constructs for
specifying policies for services through contracts clauses (see App€ndix

3.3.1 ! -PEWS Specibcation, Terms and Concepts

A ! -PEWSmodel represents the system specibcation. This model is essential for the sys-
tem specibcation, detailing the services, compositions and systemOs constrairEWS
specibcation describes the behavioural aspects of the system.

We extended the PEWS languad®% to support the notiomolicy through contracts def-
initions (see bgur82 and appendixC). The extension does not modify the syntax of existing
PEWS programs, but complements it by specifying (non-functional) restrictions in a separate
block. This feature is intended to enhance reusability and allows the programmer to adequate
a program to specibc requirements of the application being developed. This means that the
program developer can reuse the control part of the program and add application-specibc re-
guirements as contract or time constraints.

Behavioural web service interface languages describe not only the input/output interface of
a web service but also the expected behaviour of its components. This behaviour can be speci-
Ped as a workRow, debning tbaderin which the components of a service will be executed, so
that the work3ow specibes the functional behaviour of the compound web service (Bfjures
and32).

Additionally, we can specify non-functional behaviour for a servicg;to impose some
additional restrictions which are separated from the applicationOs workRow. This can be done by
using the notion otontractto be added to each particular instantiation of the PEWS program.
The result of this is to allow a given service (work3ow) to have different restrictions in different
contexts.

The policy model proposed here follows the main ideas presentet,i®7], where con-
tracts are added to a given composition, as a separate concern. The properties debPned by a
contract should be veribed at runtime. Recovery actions, debPned by the contract, are to be
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pi-pews
JU pews specification - publish_music.pews ------ specification

ns bank = "http:\\http://aws.amazon.com/fps/" namespace
ns spotify = "http://ws.spotify.com/"

ns twitter = "https://dev.twitter.com/docs/api/"
ns facebook = "https://api.facebook.com/method/"
operation

alias searchMusic = portType/search/1/track in spotify /
alias selectMusic = portType/lookup/1/trackdetail in spotify

alias downloadMusic = portType/lookup/1/downloadtrack in spotify
alias listenMusic = portType/lookup/1/executetrack in spotify

alias pay = portType/proceedPayment in bank

alias sendConfirmation = portType/confirmation in bank

alias publishTwitter = portType/oauth/authenticate in twitter

alias publishFacebook = portType/lookup/1/downloadtrack in facebook

defbuyToken=? «  variable

def publishToken = ? composite operation
A
service buyMusic = pay . sendConfirmation path

searchMusic . selectMusic . /

( [buyToken=1](buyMusic . downloadMusic . listenMusic) +
[buyToken=0]listenMusic) .
( [publishToken="twitter']publishTwitter + T path/

[publishToken='"facebook'|publishFacebook) main process

Figure 31:! -PEWS Specibcation Representation.

performed in case of failure of the contractOs conditions. Recovery actions are debned by the
contract itself.

3.3.2 Meta-model

The idea of thd -PEws meta-model is based on the servicesO composition approach pro-
vided by the language PEW$4, 105 (Path Expressions for Web ServigeSigure33 presents
the! -PEws meta-model consisting of classes representing:

¥ A servicesO composition:AMESPACE representing the interface exported by a service,
OPERATION that represents a call to a service methodMBOSITE OPERATION, and
OPERATORfor representing a servicesO composition axth Pepresenting a servicesO
composition. A RTH can be an ®ERATION or a COMPOSITE OPERATION denoted



3.3 I -PEWS Platform Specibc Models 94

path

searchMusic . selectMusic . .
( [buyToken=1](buyMusic . downloadMusic . listenMusic) +
[buyToken=0]listenMusic) .
( [publishToken="twitter'|publishTwitter +
[publishToken="facebook'|publishFacebook)

contract definition

def contract buyMusicContract

isAppliedTo: buyMusic;

requires: name == ?? && password = ?7? && pre-condition
cardName == ? && cardNumber = ?7?;

(onFailureDo: call(buyMusic));
ensures : notification == 'payment ok - post-condition
download authorized';

paymentStatus == true;

timeConstraint : meet(pay,sendConfirmation); , time constraint

Figure 32:! -PEWS Contract Representation.

by an identiper. A ©MPOSITEOPERATIONiS dePned using an KERATORthat can be
represent sequential § and parallel (| ) composition of services, choice{) among ser-
vices, the sequentiat) and parallel {...}) repetition of an operation or the conditional
execution of an operation|S).

¥ Policiesthat can be associated to a servicesO compositiorolAcP, RULE, EVENT,
CONDITION, ACTION, STATE, and SOPE

As shown in the diagram andRICY is applied to a 8oPEthat can be either an€ERATION
(e.g., an authentication protocol associated to a method exported by a serviceERATOR
(e.g., atemporal constraint associated to a sequence of operators, the authorized delay between
reading a song title in Spotify and updating the walls must be less then 30 seconds)arnd a P
(e.g., executing the wallsO update under a strict atomicity protocol P all or noting). It groups a
set of ECA rules, each rule having a classic semanticswhen an event of type E occurs if
condition C is veribed then execute the actiofBus, arPolicy represents a set of reactions to
be possibly executed if one or several triggering events of its rules are notibed.

¥ The class 8oPErepresents any element of a servicesO composition (i.e., operation, oper-

ator, path).
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Path Operator
1. 1 1.
> nameOperator : Operator Typ4g
i l =y
1 0.1
PEWSpec 1 |eftgb'1
name : String 1
D o— rightOp
1
1..% 1 1
Namespace 1..*| Type Operation
name : String 1 N
WSDLAddress : String | 0..* |
Operation
alias : String
<<enumeration>>|
Operator Type Composite Operation|
SEQUENCE : Integer
PARALLEL : Integer
CHOICE : Integer -
LOOP : Integer Variable
0..%|name : String
value : Object
0..*
<<enumeration>> A A
State Type . o APolicy Action A\VARVAAV/
REQ : Integer ) ~— name : String " [act : String Scope
ACT : Integer :
TERM : Integer
<<enumeration>> : l : Event State
' > 5
Event Type Rule " |type : Event Typ ol type : State Typq
ActivityPrepered : Integef .
TermActivity : Integer . — K :
Activity : Integer . :
. T - Condition
. [Pre-condition Post-condition Time Restriction| * expression : String

Figure 33:! -PEWS Meta-model.

¥ The class PLICY represents a recovery strategy implemented by ECA rules of the form
EVENT - CONDITION - ACTION. A Policy has variables that represent the view of the
execution state of its associated scope, that is required for executing the rules. The value
of a variable is represented using the typerRVABLE. The class BLICY is specialized
for dePning specibc constraints, for instance authentication policies.

Given al -ServiceComposition model of a specibc service-based application (expressed ac-
cording to thel -ServiceComposition meta-model), it is possible to generate its corresponding
I -PEWS model by using transformation rules. The following Section describes the transforma-



3.4 Model Transformations 96

tion rules between thke-ServiceComposition and-PEWS meta-models of our method.

The! -PEWS language (extension of PEWS) is described in the Appé&hdike generated
code by! SOD-M, as end product, is based on the meta-model shown in R§uaed the
language syntax.

3.4 Model Transformations

A model transformation usually specibes which models are acceptable as input, and if ap-
propriate what models it may produce as output, by specifying the meta-model to which model
must conform. Model transformations can be seen as processes that take models as input and
produces models as output. There is a wide variety of kinds of model transformation and uses
of them, which differ in their inputs and outputs and also in the way they are expreé&ed [

A model transformation is also a way of ensuring that a family of models is consistent, in a
precise sense which the software engineer can debne. The aim of using a model transformation
is to save effort and reduce errors by automating the building and modibcation of models where
possible $5].

The! SOD-M model transformations occur in the two levels, PIM and PSM, we debned:
PIM-to-PIM and PIM-to-PSM transformations. Transformations in the same level are consid-
ered Ohorizontal transformationsO. Transformations between different levels are called Overti-
cal transformationsO. There are 3 model transformations dePh&DiB-M: ! -UseCase to
I -ServiceProcesd; -ServiceProcess tb-ServiceComposition; anb-ServiceComposition to
I -PEWS.

All ! SOD-M transformation rules are described in natural language. These transformations
ensure consistency between the concepts being rebned and processed at different levels. Figure
34 presents the set of rules we debned to apply for each type of transformation. The entities
of the left-hand side represent the source model, and those on the right-hand side represent the
target model. Figur84ashows the transformation rule in which a single source entity is trans-
formed in a target model entity. FiguBtb describes a many to many entity transformation:

a set of objects from the source model is transformed into a set of objects in the target model.
Figure34cpresents a many to one transformation rule: many objects in the source model it will
be transformed into a single object element in the target model. The next 3 rules are advanced
rules, which transform single element in the source model into a set of different elements in the
target model. In bgurd4d a source element is transformed in two different omeg, from

a @O element, it generates BGDand a@D element in the target model. In bgBde a set
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A B AL B A B
""""""""""""" N e 2 e S
(a) From one Ato one B (b) From many A to many B (c) From many Ato one B
C C C

(d) From one A to one B, and one @e) From many A to many B, and on From many A to many B, and one
C C

Figure 34: EntitiesO Model Transformation Rules.

of source elements is transformed into a set of elemed@ ahd one@ element in the tar-
get model. Finally, bgur84f presents the rule which transforms source elements into a set of
elements BO and one elementO in the target model.

3.4.1 From! -UseCase td -ServiceProcess

The PIM to PIM transformation process betwéetseCase ant-ServiceProcess (Table
5) models debnes how the application requirements are represented as a service process. At this
level, services and general functions are represented as simple or composite use cases.

Every USE CASE s transformed into an &TION in the! -ServiceProcessiodel, and every
EXTEND association identiPed in the-UseCasemodel is transformed into adRK NODE,
because several extends relations implies a conditional veribcation in the execution workRow
. If the extend association has only ons®#JCASE, the fork will present the ATION as an
alternative Row, and later, both Bows will meet. If the extend association has several source
UsE CASE, the fork will present different ATIONS as mutual alternatives 3ows, and later, all
these Rows will meet. A ATIVITY SERVICES (from ! -ServiceProcess meta-model) consists
of a composition of one or more@&10NS. ACTION can be viewed as a method of the system
application. Thus, services are represented as a set of functions!inSae/iceProcesmeta-
model, because @\TRACTSmodelled are associated to functionss(AONS).

All CONSTRAINTSIn the source model (UseCase modghre transformed into a @\-
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TRACT. A CONTRACT is represented as a set 0DSSTRAINTS Each constrain description
is directly transformed into ASERTION A set of CONSTRAINT of a USE CASE or a Com-
POSITEUSE CASE is transformed into a set of #sERTIONuUsed to debPne a@NTRACT. All
Use CASES are associated to adW-FUNCTIONAL REQUIREMENT and all GONSTRAINTS
are associated with adWN-FUNCTIONAL ATTRIBUTE. Thus, GNSTRAINT representing the
same WBE CASE is transformed into a GNTRACT. A CONTRACT can have exceptional cases.
The negation of the GNSTRAINT predicate are treated aXxEEPTIONAL BEHAVIOUR. In this
particular case, a CEPTIONAL BEHAVIOUR will be generated in the target model.

The CoNSTRAINT TYPE can have different transformations, depending of the following
values:

¥ If the value of @NSTRAINT TYPE is BUSINESSIt will be transformed into none #:
SERTION

¥ If the value of @WNSTRAINT TYPE is VALUE with the AsserTIONiSExceptionalBe-
haviour attribute setted téalse it will be transformed into one ASERTION

¥ If the value of @WNSTRAINT TYPE is VALUE with the ASSeRTIONiSExceptionalBe-
haviourattribute setted ttrue, it will be transformed into a ECEPTIONAL BEHAVIOUR;

Given the! -UseCasenodel, to all ®NSTRAINT entity related with a e CASE, there is
a CONTRACT that compounds a set of9SERTIONSentity (Pgure35g and the WE CASE is
rebPned in a service @TION.

Example: Considering the scenario example presented in Se8tibd the transformation of
the disten musi® WE CASE is transformed into a servicedXIoN. This action is a Spo-
tify service function that can be invoked to play the music. Faub@ish musi®© WE CASE,
all CONsTRAINS are transformed in a set of S%SERTIONSthat are grouped in a @NTRACT
(QublishMusicContrad). The gublishMusicContrad is related with thepOblishMusi©
ACTION. L]

A CONSTRAIN transformation means that fromo®SsTRAINT and GONSTRAINT TYPE
entities are generated detaileeCTRACT information, that are rebPned intoxEEPTIONAL
BEHAVIOURS and AssSERTIONSentities (Pgure85h). CONSTRAINT is related with a ©N-
STRAINT TYPE, and there are different cases for the transformation of this concdptishess
type are transformed into anSSERTIONthat does not consider value attributes information
like maxValueandminValue(see bPgurd 3). These ASSERTIONInformation attributes are con-
sidered if the @NSTRAINT TYPE is aValuetype. This is semi-automatic, because there is not
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Table 5: Transformation Rules: FromUseCase tb -ServiceProcess.

Source Mapping Rules Target
7-UseCase meta-mode| 7-ServiceProcess meta-model
Constraint - All Constraints in the source model will be transformed inté\asertionin the target model. Assertion, Contract,

All Use Casesire associated todon-Functional Requirementand allConstraints Exceptional Behaviour

are associated withdon-Functional Attribute . Thus,Constraint representing the same Use Case,
is transformed in £ontract.

- A Contract can also have a exceptional cases. The negation @dhstraint predicate are treated
as the typeEXCEPTIONALBEHAVIOURThus, all theAssertionsrelated to thisConstraint,

in this particular case, will be transformed ifcaceptional Behaviour.

- The set of AssERTIONSOf a USE CASE are associated with adlNTRACT

- The CoNTRACT name is formed by O<useCaseName>0 + OContractO token.

Constraint Type - TheConstraint Type in source model can have the following transformation: Assertion

e BUSINESStype is transformed into nonkssertion; Exceptional Behaviour
e VALUE with the AssertionisExceptionalBehaviouattribute setted to false is transformed into
aAssertionin the target model;

o EXCEPTIONALBERAVIOR with the AssertionisExceptionalBehaviouattribute setted

to true is transformed into Bxceptional Behaviourin the target model.

- Both, the value and exceptional restriction are based on in accordance with the values

of Assertions

- Constraint Type debnes the type of restriction oruse Case

Non-Functional EveryNon-Functional Attribute associated to an eleme@dgnstraint andNon-Functional Non-Functional

Attribute Requirements in the source model become®an-Functional Attribute associated to the Attribute
corresponding elemen€pntract) in the target model.

Use Case For everyUse Casehere will be aAction in the service delivery process model Action
describing the Business Service

Extend (Use Case) - Every Extend association identibed in the-UseCase modelill be represented in the target model Control Node,
by aFork Node. Fork Node,
- The Service Activity corresponding to the sourddse Caseof the extend association must be Service Activity

previous to theService Activity corresponding to the targdfise Caseof the extend association.

- If the extend association has only one soutége Casethe fork will present th&ervice

Activity as an alternative to another Bow with Service Activity. Later, both Bows will meet;

- If the extend association has several soutkse Casethe fork will present the differerervice
Activities as mutual alternatives to another Bow with$ervice Activity. Later, all these Bows will
meet;

Include (Use Case) - An Include association is found in the-UseCase modgethe Service Activity corresponding to the| Service Activity
source must be subsequent to 8ervice Activity corresponding to the targdise Caseof the
include association;

- If the include association has several targets, the designer must decide the appropriate sequepce
for the differentService Activitiescorresponding to the targeise Casgwhich will obviously
be previous to th&ervice Activity corresponding to the sourddse Casg

Requirement - A Requirementin the source model is transformed irervice Activity of the target model. Service Activity
- The rules for eRequirementto be transformed into a

service activity is analyzed after the transformations of included and extended use cases.
- A Requirementassociated with only ongse Caseén the source model is transformed in a.
Service Activity and anrAction, respectively.

- All Use Casesnust be associated withRequirement

enough information in &-UseCase model to run a complete automatic transformation. If the
CONSTRAINT TYPE is aValuetype, the designer must specify the variable information, and its
boundary values after the transformation. For this, the designer must consideisg RAINT

and Use CASE descriptions. By defauliyalue constraintare transformed intpre-conditions
andbusiness constraintre transformed intpost-conditionsThis rule may be adjusted by the
designer at the time of transformation.

A SERVICE ACTIVITY and the ACTIONS are generated from two different elements in the
source modell(-UseCase), from a RQUIREMENT or a COMPOSITEUSE CASE. Figures35c
and 35d present the transformation schema fa&@IREMENT and COMPOSITE USE CASE
concepts. Both elements are related with marse\CASES that are transformed in many
ACTIONS. A UsE CASE are related with, either, aEQUIREMENT and a @MPOSITEUSE
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Figure 35:! -UseCaseR-ServiceProcess Model Transformation Rules.

CASE. ACTIONS are related with a SRVICE ACTIVITY .

Example: For the execution of thedownload musi® use case is necessary process with the
payment process. Thus, the set RJICASESthat include the dbwnload musi® process are
transformed in ATIONS, and a &RVICE ACTIVITY that aggregates all thesecAlONSIis also
generated. ]

The transformations for rEND and INCLUDE dependence elements are not as simple as
the previous transformations (Pgu8a The workRow generated for eaGlextendsEelation-
ship with just two use cases (Pgu&g is described by bgurgd7c. The generated workf3ow
contains: one BRK NODE, one OIN NODE, and four @NTROL FLOW elements, and also two
ACTION elements, one for eachdg CASE, if there are less than 2 extended &£JCASE. When
there is more than on@extendsEelationship among different use cases (PgG@&sand37d),
the transformation is proceed as: adding two mocay€roL FLow for each new $E CASE,
and one ATION for each new extendeds# CASE.

Example: Considering the scenario example, it is possible to apply the same rule fguube O
lish musi®© use case, which has two extended use cqadsjQwitterO and @ublic Facebool,
applying the illustration expressed in PguBsand37d ]
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@
Al

(a) FromExtendto Fork/Join Flow

(b) FromIncludeto Activity Node Flow

Figure 36:! -UseCaseR-ServiceProcess Model Transformation Rules (2).

For the NCLUDE use case elements, the transformation is represented agi@m se-
guence, as shown in bguséb. For each $E CASE element an ATION element is generated.
For a set oin USe CASESwe generate-1 OBJECT FLOW elements. Each @NTROL FLOW
links two ACTIONS.

Example: Given the @ownload musi® use case from the scenario example, it includes pay-
ment process to buy the music. It is represented as a include intheeCase model and is
transformed in a sequence Row in th&erviceProcess model (as presented in P88re [

All this transformation rules fronh -UseCasanodel to! -ServiceProcessodel were val-
idated with the scenario example. All transformations described in this section are completely
automatic, however information about values and its boundaries are inserted by the designer
after the transformation process.
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Figure 37: Extended Transformation Examples.
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Figure 38: Include Transformation Example.
3.4.2 From! -ServiceProcess td -ServiceComposition

The PIM to PIM transformation process frodmServiceProcest ! -ServiceComposition
model will rePne further the application design. The main goal of this transformation is to group
all CoNTRACTsand ACTIONSIn PoLICIES and SERVICE ACTIVITIES, respectively.

All A cTiONs entities in the source model will be transformed into atmAON in the target
model, and every ERVICE ACTIVITY in the source model will be transformed into BRYICE
ACTIVITY in the target model. This happens becausgerviceCompositiois an extension of
I -ServiceProcess

For the non-functional specibcations, theoNORACT entity with the same HNN-



3.4 Model Transformations 103

FUNCTIONAL REQUIREMENT in the source model' (ServiceProcessodel) will be trans-
formed into a ®LICY in the target model!(-ServiceComposition model). EachSAERTION

will be transformed into a BLE:CONDITION attribute in the target model, but if thes&ErR
TION has a value type, theameand the attributes in the source model will be transformed into
a VARIABLE in the target model. The othersSERTIONPROPERTYvalues remains unchanged.

The ASSERTIONAPROPERTY attribute can have different transformations, depending of
the following values:

¥ POST-CONDITIONSGre transformed intBOSTin the! -ServiceComposition model;
¥ PRECONDITIONSre transformed intBREin the! -ServiceComposition model,

¥ TIMERESTRICTIONS&re transformed intdIME in the! -ServiceComposition model.

The EXCEPTIONAL BEHAVIOUR entities will be transformed into an@ION in the! -
ServiceCompositiomodel, and every NIN-FUNCTIONAL ATTRIBUTE associated to an ele-
ment (GONTRACT and NON-FUNCTIONAL REQUIREMENT) in the ! -ServiceProcess model
becomes a NIN-FUNCTIONAL ATTRIBUTE associated to the corresponding elememwi(i )
in the! -ServiceCompositiomodel.

Table6 describes the transformations betwéeServiceProcesasnd! -ServiceComposition
meta-models.

Table 6: Transformation Rules: FromServiceProcess to-ServiceComposition.

Source Mapping Rules Target

-ServiceProcess meta-mode! m-ServiceComposition
meta-model

Action All Actions in the source model will be transformed ir\ation in the target model. Action

Service Activity - All Service Activity in the source model will be transformed irBarvice Activity in the target model.| Service Activity,

Contract, All Contract with the sameNon-Functional Requirement, in the source model, will be transformed in Policy

Non-Functional Attribute

aPolicy in the target model.

Assertion EachAssertionwill be transformed in &ule:condition attribute in the target model. Rule:condition
Assertion:name, If the Assertion has the type equal {dALUE, thenameand thetypeattribute in the source model will Variable
Assertion:type be transformed in ¥ariable in the target model.
Exceptional Behaviour An Exceptional Behaviourand its attributes in the source model will be transformed Rule:action

in aRule:action in the target model.
Assertion:aProperty - Depending on thassertion Propertytype in the source model, it will be transformed iRRele:event Rule:Event,

in the target model. The transformation rules are: Event Type

o PRECONDITIONtype is transformed int®REin the target model;
o POST-CONDITIONype is transformed inteOSTin the target model;
o TIMERESTRICTIONype is transformed int§IME in the target model.

Non-Functional
Attribute

EveryNon-Functional Attribute associated to an eleme@dntract andNon-Functional
Requirements in the source model become$lan-Functional Attribute associated to the
corresponding elemen®licy) in the target model.

Non-Functional
Attribute

Figure 39 presents the main transformation rules for this level. The main feature of this
transformation is the generation of @Bcy from of a set of @NTRACTS But, what is the
adopted criterion for this transformationThe main criteria is that all GNTRACTS from the
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Figure 39:! -ServiceProcess$2ServiceComposition Model Transformation Rules.

same NON-FUNCTIONAL REQUIREMENT will be transformed in one &Licy. Thus, we can
have POLICIES on: Safety, Performance, Reliabiljtgnd so on.

Each AsserTiONoOf aCONTRACT (! -UseCasanodel) is transformed into alRE in the
I -ServiceProcesmodel. The set of GNSTRACTSgenerates a ®.I1CY composed by those
RULES. Thus, the set of RBLES make up a single ®LICY. Itis important to highlight that only
the CONTRACTSOf the same MN-FUNCTIONAL REQUIREMENTIS transformed into the same
PoLicy. Different NFRsO GNTRACTS, are transformed into differentd® IcIES. Figure39a
show how this transformation is made.

Similar to the transformation betweero@TRACT and ROLICY, a set of ACTIONSIS trans-
formed into a single SRVICE ACTIVITY entity. ACTIONS are related with BSINESSCoOL-
LABORATOR, and all information related to aUBINESS COLLABORATOR are transformed
from PACKAGES information ( -UseCase model). All &LKAGES are transformed into BsI-
NESS COLLABORATOR. Figure39b presents the transformation betweeaT0ON and SR-
VICE ACTIVITY elements.

An exceptional behaviour is triggered by a failure in the veribcation of the condition of a
rule. An EXCEPTIONAL BEHAVIOUR is performed to preserve the state of the application. Fig-
ure 39cpresents how anECEPTIONAL BEHAVIOUR that can be transformed into arcAION
call.
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As the! -ServiceCompositiomodel rebPnes the-ServiceProcessoncepts at PIM level, a
service previously debned as actions (source model) is rePned as composition of those actions
(target model) that are necessary to represent a business service, identifying who are the partners
involved in the realization (BSINESSCOLLABORATORS). In addition,! SOD-M debnes a
platform specibc model based on web services composition. This model is explicitly indicates
those actions which are (or will be, if not yet implemented) supported by web services.

Example: Considering the scenario example, thedoNOsipdate musi€ONTRACT is trans-
formed is a BLICY with its RULES. All contract ASSERTIONSare transformed in B&.E and
its attributesg.g. the login and password veribcation. TreeurityLoginPolic® is all set of
RULES that were transformed from theSSERTIONSIn ! -ServiceProcess model. TheoN-
FUNCTIONAL REQUIREMENT information will be used to the®.iCcY generation comes from
the initial use case model. Also theuBINESSCOLLABORATOR Facebookand Spotifyinfor-
mation came from RCKAGE ! -UseCase entity element. AlIGNTRACTS of the same N-
FUNCTIONAL REQUIREMENT are composed in adt.ICY. O

3.4.3 From! -ServiceComposition to! -PEWS

Table 7 describes the PIM to PSM transformations betwéeB8erviceComposition and
I -PEWS meta-models. We propose two groups of rules: those that transform services com-
position elements of the-ServiceComposition intb-PEWS meta-model elements; and those
that transform rules grouped by policies into A-policy types.

A named action of theé -ServiceComposition represented Bgtion and Action:name
is transformed to a named clasERATION with a corresponding attribute namerPERA-
TION:NAME. A named service activity represented by the elem8&eiwice Activityand Ser-
vice Activity:nameof the ! -ServiceComposition, are transformed into a named operation of
the! -PEws represented by the element®@P0oSITEOPERATION and GOMPOSITEOPERA-
TION:NAME. When more than one action is called, according to the following composition pat-
terns expressed using the operatoeyge, decision, fork and join the! -ServiceComposition
the corresponding transformations, according to the PEWS operators presented above, are:

¥ op,.op if no Control Nodeis specibed
¥ (op. || op:).ops if control nodes of typéork, join are combined

¥ (op. + op).op; if control nodes of typelecision, mergare combined
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The A-policies debned for the elements of theServiceComposition are transformed
into A-PoLicy classes, named according to the names expressed in the source model. The
transformation of the rules expressed in th&erviceComposition is guided by the event
types associated to these rules. The variables associatedAealicy expressed in thé-
ServiceComposition asVariable:name, Variable:type are transformed into elements of type
VARIABLE with attributesNAME andTYPE directly specibed from the elemeMariable:name
andVariable:typeof the! -ServiceComposition model.

Table 7: Transformation Rules: FromServiceComposition tb-PEWS.

Source Mapping Rules Target
-ServiceComposition meta-mode]| 7-PEWS meta-model
Action - An Actionin the source model corresponding to an exteBwiness Collaboratoris mapped Operation:alias

to an Operation in target model.
- TheAction:name in the source model is transformed irfperation:name in the target model.

Service Activity - The Service Activity in the source model is mapped t€€amposite Operationin target Type Operation,

model when more than orfctions are called. Composition Operation
- If Composite Operationis generated for a giveBervice Activitthen theService Activity:name
in the source model is mapped@@mposition Operation:namein the target model.

Control Nodes - TheControl Node in the source model is mapped t@gerator in target model. According to the Operator
type of Control Node (merge, decision, join, fork) the expression of themposite Operationis:
e Sequence if n€ontrol Node is specibed;

o Parallel - Sequence for@ontrol Nodespattern fork - join;

e Choice - Sequence for@ontrol Node pattern decision - merge

Business Collaborator A Business Collaborator:isExternalin the source model generateblamespacesn the target model | Namespace
Rule:event TheRules attribute event in the source model is transformed intBant:type of the target Event Type,
model. In this case attribute is mapped to an entity with an attribute EVeat Type of a Event

Rule in the target model is determined by the Rule type:
e Event Type of a PreconditionRule is ActivityPreparedl

o Event Type of a PostconditiorRule is TermActivity

e Event Type of a TimeRestrictiorRule is Activity;

Rule:condition TheRules attribute condition in the source model is transformed inBmadition:expression Condition
in the target model. In this case, an attribute is mapped into an entity with an attribute

Rule:action TheRule:action in the source model is transformed in Aation:act in the target model. Action
The attribute action is mapped to an entity with an attribute. In the target model an action
is executed according to the rule condition value (true/false).

Policy - EveryPolicy associated to an elemeisiness Collaborator, Service, Activity, Actior) in the APolicy
source model becomes AfPolicy associated to the corresponding element in the target model.
- The name attribute of Bolicy in the source model becomes Apolicy:name of the target model.

Variable EveryVariable, and its attributes, associated t@alicy in the source model become¥ariable Variable
associated to aAPolicy in the target model. The variables can be used iARalicys Condition
of the target model.

Rule:event For aRule in the source model, depending on theent Type, the corresponding transformation Precondition
in the target model isPrecondition, Postconditionor TimeRestriction Rule Postcondition
TimeRestriction
Rule

As shown in Table, for an event of typ&re the corresponding transformed rule is of type
PRECONDITION; for an event of typdostthe corresponding transformed rule is of typed-
CONDITION; Pnally, for an event of typ&imeRestrictiorthe corresponding transformed rule is
of type TIME. The condition expression of a rule in theServiceCompositionRule:condition
Is transformed into a clag3ondition:expressiowhere the attributes of the expression are trans-
formed into elements of typeTARIBUTE.

Figures 31 and 32 present the!-PEWS specibcation resulting from thd -
ServiceCompositiomodel transformation of our scenario example.
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3.5 Conclusions

This chapter presentddSOD-M for specifying and designing reliable service based ap-
plications, using a MDA approach. As one of the main aims of MDA is to separate design
from architecture and technologies, th8OD-MOs models describe the system behaviour and
its restrictions, without considering depPnition of a standard architecture.

Non-functional constraints are related to business rules associated to the general semantics
of the application. In the case of service-based applications, this type of applications also con-
cern the use constraints imposed by the services. We worked on the depbnition of a method for
explicitly expressing such properties in the early stages of the specibcation of services based
applications. Having such business rules expressed and then translated and associated to the
servicesO composition can help to ensure that the resulting application is compliant to the user
requirements and also to the characteristics of the services it uses.

Our approach considers that it is possible to model both aspects, functional and non-
functional, in an service-oriented application development throughout the whole development
process.

A business process specibcation can be modelled with the concept€ASE and Re-
QUIREMENT. In the same level, the NFRs can be modelled using the conceptng TRAINT,
CONSTRAINT TYPE and NF-REQUIRMENT. The concepts used to represent the functional as-
pects and the business process were modeled by SOD-M method.

In order to Pll the gap between the abstract specibcation and the concrete implementa-
tion, the Business process activities that can be done by external entities can be modelled
with the concepts ATION, BUSINESSCOLLABORATOR. In order to express NFP from NFRs
we proposed the concepts of OBTRACT, ASSERTION(PROPERTY) and EXCEPTIONAL BE-
HAVIOUR.

Since our objective is also to provide a platform dependent specibcation, We also propose
a platform specibc meta-model, namedPEWS, wich represents tHePEWS specibcation
language for debne web services path expressions.

Designing and programming non-functional properties is not an easy task, so we are debn-
ing a set of predebndeblicy types with the associated use rules for guiding the programmer
when she associates them to a concrete applica®olicy types that can also serve as patterns
for programming or specializing the way non-functional constraints are programmed. We model
and associate policies to service-based applications that represent both systemsO cross-cutting
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aspects and use constraints stemming from the services used for implementing them.

An advantage of our methodology is the use of high-level models, which by means of model
transformations, helps software developers to make the most of the knowledge for specifying
and developing business services.
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4 | SOD-M Environment

Orhe computer was born to solve
problems that did not exist befo.

Bill Gates

This chapter describes th&OD-M environment for developing reliable service based sys-
tems using the methodology we propose. TS D-M environment was developed to support
the! SOD-M methodology. Thé SOD-M based process consists in generating an application
starting from d -UseCasanodel and then transforming it into series of models at the PIM and
PSM levels before bPnally generating the code that implements the application.

I SOD-M environment is built on the top of Eclipse framework (http://www.eclipse.org),
which is a framework to build Integrated Development Environments (IDEs). We also use
the Eclipse Modelling Framework (EMF), a meta-modelling framework that was devised to be
extended and provides with the utilities needed to debne, edit and handle (meta)-models. To
automate the transformation models we use the ATL Landui&d$ a model transformation
language framed in Eclipse. Another language used for model transformation is Ac&4leo [

a model to text engine! SOD-M uses this environmestto generate service composition
specibcation code in-PEWS

The remainder of the chapter is organized as follows. Sedtibdescribes the environment
architecture, including the debnition of meta-models; and, the implementation of the model
transformation process and the code generation engine. In sdc®describes how to install
and use the environment. Sectidi3 describes how to extend the environment, for adding new
components for generation of system specibcation in different languages. Se4tioncludes
the chapter.

LATL uses EMF to handle models (that is to serialize, to navigate and to modify them). Once the ATL transfor-
mation is executed, the ATL engine matches the source pattern and the source model and instantiates each pattern
into the target model.

2 The environmental requirements are the Eclipse Modelling (Galilleo or higher) and all proposed plugins,

I -UseCase! -ServiceProcesd,-SerciveCompositioand! -PEWSeditors; and also the transformation plugins.
Because the environment is proposed in the context of Eclipse, the environmental requirements are also the same
needed to utilize the Eclipse tool.
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4.1 General Architecture

Figure40 presents the general architecture for #f&0OD-M environment and details how
components interact with each other. Each model has an editor, and transformation tools that

support the application development.
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Figure 40:! SOD-M Development Environment.

The! SOD-M environment architecture is organized in three lay@ydveta-model level,
(ii) PIM-to-PIM Transformations level level, (iii) PIM-to-PSM Transformations level |ared
(iv) Code generation leveEach layer comprises a set of components that together support the
I SOD-M environment. This Pgure presents how those components are implemented by our
tool: (i) the Meta-model componelfbgure4l) represents thodel plugins modulef bgure
40 (together with all methodology meta-models); (ii) tRéM-to-PIM Transformations and
PIM-to-PSM Transformations componeriigure4l) represent théMapping plugins module
of bgure4Q; (iii) the Code Transformatiowomponent of the bgul is implemented by the
Code generation modulEf Pgure40; and (iv) theExecution enginés represented by the lower

tier of Pgure4O.
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Figure 41: Environment Components.

The Models plugin moduleomprises the components that describe!tB®D-M meta-
models, and how their models must be created. There are four meta-model components. All
components of thapping plugin modulélepend of the debnitions madeNtodels plugin

When a model transformation is made, the models must comply with their respective meta-
model. The process is executed as follows: every time a transformation is performed, a consis-
tency check of both, source and target models is performed. After all transformation are made,
the PSM model is translated into code of a particular platform, in the cdse@bD-M,! -PEWS
is the chosen platform. The transformation of PSM model in code is the last stage of transfor-
mation. The component of théode generation modulgepend of the PSM generated by the
last model transformation. Finally, ti&xecution Engineomponent performs the execution of
the service-based specibcation code.

4.1.1 Ecore Meta-modelsNlodels Plugin Modulg

The implementation of each meta-model is debPnégdore’ bles, they aret -UseCase! -
ServiceProcess,-ServiceCompositioand! -PEWS All meta-models have a relatggnmodél
debnition. The plugin editor can be created from ge@modebdebnition, so that models can
be specibed.

Using these set of tools (model editors) it is possible to create models at diffS&id-M

3The Models Plugin Modulds a set of Ecore bles that represents! 8O0D-M meta-models. These meta-
models are the sources for the development of each of the methodologyOs model. All models designed for an
application must obey their meta-model specibcation. This module is composed by all the proposed methodologyOs
models in EMF (ecore extensign

4A .genmodeis a intermediary ble format used to produce the syntax editor for each meta-model.
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levels. There are editors for dlISOD-M models:! -UseCase editot -ServiceProcess editor,
I -ServiceCompositioaditor and -PEWSeditor.

Although there are editors for each methodology model, it is still necessary components to
perform transformations among them. Thus, the model specibcation process can be made in all
methodology levels. However it can be made only at the highest liezel,-UseCasenodel,
and then execute automatic transformation to generate lowest level models.

4.1.2 Model Transformation (Mapping Plugin Module

The Model transformation levehas a set of components for processing and transforming
models. The model transformation components are based on the source models for generat-
ing the equivalent target model. For example, frorh-blseCasemodel is generated thie-
ServiceProcesmodel, from a -ServiceProcessiodel is generated tHe-ServiceComposition
model, and Pnally, from &-ServiceCompositiomodel is generated la=PEWSmodel. After
the model generation the designer can perform rePnements. RePnement can improve and adjust
elements that require a more detailed description at this modeling level.

I SOD-M model transformation process is based on the rules described in cRaptes
implementation process requires additional, more specibc information to be taken into account.
We had to consider the representation of our concepts in the Eclipse and ATL environments for
MDA-based application developmer.,g, aspects of plugin generation; design model prop-
erties; compliance of the designed meta-model with the generated model; the specibc model
implementation; and etc.

We used the Eclipse Modeling Framework (EMF) for implementing the meta-mbeels
UseCase! -ServiceProcess,-ServiceCompositioand! -PEWS The ATL language was used
for developing the mapping rules for transformation of models)éeCaseR-ServiceProcess
I -ServiceProcess2ServiceCompositioand! -ServiceComposition2PEWSplug-ins). This
plugin takes as input &-PEWSmodel implementing a specibc service composition and it
generates the code to be executed byRblecy basedExecution Enginébgure4l).

Figures42 and 43 present a general view of tHeSOD-M models transformation, show-
ing the set of plug-ins developed to implement it. Figud@spresents the model-to-model
transformations, while Pgue3 shows the model-to-text transformation schema. The environ-
ment implements the abstract architecture shown in PgQreThis environment consists of
plug-ins implementing thé-UseCase! -ServiceProcesd,-ServiceCompositioand! -PEWS
meta-models used for debning models; and ATL rules for transforming PIM and PSM mod-
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Figure 42: ATL Model to Model Transformation inSOD-M.

els (model to model transformation) and Pnally generating code (model to text transformation)

with Acceleo.
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Figure 43: Acceleo Model to Text Transformationli8OD-M.

In order to proceed with a model transformation it is necessary to conbgure the transforma-
tion environment. Figurd4 presents a standard screen for conbguring each transformation (in
this case for the Oto publish musicO scenario). From any source model, for ekaogg#€ase,

I -ServiceProceser ! -ServiceCompositigrthe system can perform the automatic transforma-
tion. Using the transformation tool of bgu4d requires from the user: (1) to indicate the ATL
transformation rules ble; (2) to choose the source meta-model reference (.ecore ble); (3) to
choose the target meta-model reference (.ecore ble); (4) to choose the source model that will
be transformedd.g. music.piusecasde); (5) to choose the target model that will be generated
(e.g. music.piserviceprocebte); and bnally, (6) to run the tool. The same must be performed
for all model-to-model transformations. For model-to-text transformation, the rule ble to be
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chosen should be the Acceleo ble.

Create, manage, and run configurations <_

TEX|B3pr . h
= Name: | piUseCase2piServiceProcess
type filter text —
- " ATL Configuration . € Advanced| =] Common
Acceleo Application

v € ATL Transformation ATL Module
€ pisc2pipews [Transformation-piUseCase2piServiceProcess atl_file piUseCase2piServiceProcess.atl | Workspace... |
( piServiceComposition2piPEWS i
) ( piUseCase2piServiceProcess il
& Chain r
v @ Eclipse Application PiUseCase: i | /Transformation-piUseCase2piServiceProcess/source /PiUseCases.ecore
@ Eclipse Application Is metametamodel | Workspace... | File system... | | EMF Registry... |
5] Java Applet
[J]Java Application PiServiceProcess:i /Transformation-piUseCase2piServiceProcess /target/PiServiceProcess.ecore ‘
% JET Transformation i
JuJunit _| Is metametamodel | Workspace... | File system... | | EMF Registry... |
Ju JUnit Plug-in Test
D MWE Workflow Source Models
C r
Le Opefatlonul QVT Interpreter IN: /Transformation~p|UseCaseZp|SewiceProcess/examplevteslj
4 0SGi Framework i i
(C) scA Application conforms to PiUseCase | Workspace... File system... |
Jij Task Context Plug-in Test
JuyTask Context Test Target Models
prmemmemememmensnemeneneeey
OuT: /Transforma(ionfpiUsecase2pwServiceProcess/example_test'ymusic.piserviceprocess
conforms to PiServiceProcess | Workspace... File system... |
A Re
Filter matched 19 of 19 items
l\'i?/l Close | Run

Figure 44: ATL Conbguration fdrSOD-M Transformation.

As an example, Pgur4 shows the conbguration for the transformation frordseCase
(source) td -ServiceProces@arget). Notice that, in this case, the reference meta-models must
be the same. For further transformations, this process must follow the same sequence, changing
only the models and reference meta-models.

4.1.2.1 | -UseCasePl ServiceProces$ransformation Rules

The transformation rules describe how models are transformed. As a general rule, the auto-
matic transformation of models favors a faster development of applications. In most cased, the
environment or the designer should verify if the transformations are valid or not. [I'3O®-

M environment, the consistency of the transformations must be performed by the designer. If a
problem on the transformation is identibed, the target model can be modibed manually.

In ATL, there exist two different kinds of rules that correspond to the two different program-
ming modes provided by ATL (e.g. declarative and imperative programming).métehed
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Listing 4.1 ATL Example Rule.

1 rule ruleName{

2 from

3 var_sourceName: SourceModel! Entity

4 to

5 var_targetName: TargetModel! Entity (

6 atribute_1 < var_sourceName. atribute_a ,
7 atribute_2 < var_sourceName. atribute_b
8 )

9 1}

Listing 4.2 ATL - piUseCase2piServiceProcess : useCase2action Rule.

1 rule useCase2action {

2 from usecase : PiUseCase!FunctionalBasicUseCase (
3 usecase .extend>size () >= 2

4 )

5 to sp_action : PiServiceProcess!Action (

6 name < usecase.name

7 ), sp_serviceActivity : PiServiceProcess!ServiceActivity (
8 action < sp_action,

9 name < usecase.name + OSAQO,

10 serviceProcess—< thisModule.raiz_piUseCase
11 ), sp_contract: PiServiceProcess!Contract(

12 name < usecase.name + OContractO,

13 assertioninContract—< usecase.UCContraint,
14 action < sp_action,

15 serviceProcess—< thisModule.raiz_piUseCase
16 )

17 }

rules’ (declarative programming) and thelled rule$ (imperative programming)gb]. For the

I SOD-M environment, we use both types of rules. Listthjshows a general example of an
ATL matched rule According to this, we will present the main ATL rules used to implement
the model transformation. As described in listidd, a rule consists of a name (line 1), a
source entity ffom clause in lines 2-3), and one or more target entitie<kause in line 4-5).
Each entity has a name, suchvas_sourceNamandvar_targetName The transformation is
performed by each entity attribute and general rules established in each case.

5The matched rules constitute the core of an ATL declarative transformation since they make it possible to
specify 1) for which kinds of source elements target elements must be generated, and 2) the way the generated
target elements have to be initialized. A matched rule is identibed by its name. It matches a given type of source
model element, and generates one or more kinds of target model elements. The rule specibes the way generated
target model elements must be initialized from each matched source model eE5hent[

5The called rules provide ATL developers with convenient imperative programming facilities. Called rules
can be seen as a particular type of helpers: they have to be explicitly called to be executed and they can accept
parameters. However, as opposed to helpers, called rules can generate target model elements as matched rules do.
A called rule has to be called from an imperative code section, either from a match rule or another cab&tl rule[

Listing 4.3 ATL - piUseCase2piServiceProcess : constraint2contract Rule.

rule constraint2contract{
from
constraint: PiUseCase!UseCaseConstraint
to
assertion: PiServiceProcess!Assertion(
name < constraint.name,
description < constraint.description

)

©CONOOUAWNER
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Listing 4.4 ATL - piServiceProcess2piServiceComposition : root Rule.

rule root {
from
root: piServiceProcess!ServiceProcess
to
root_service: piServiceComposition!CompositionServiceModel(
activities < root.activity ,
edges < root.edge,
compositionPolices < root.contract

POONOUAWNR

Listing 4.2shows the ATL transformation rule between agCASE and an ACTION, while
listing 4.3 shows the transformation rule between B TRAINT and ASSERTION There is a
restriction in the rule presented in listidg2 (line 3), which debPnes that there must be more
than two EXTEND relation between use cases. In this case, all use cases are transformed into
actions, and are grouped into &k/ICE ACTIVITY (lines 7-10). And all the constraints are
transformed in a set of assertions that are automatically associated withNarR@CT (lines
11-15). This transformation (listing.2) describes that from a &k CASE (lines 2), ACTIONS,
SERVICE ACTIVITY and GONTRACT can be generated (lines 5, 7 and 11). It depends on the
existence of ONSTRAINT or dependence elementsiiLLUDE or EXTEND) related to this use
case (line 3).

The listing4.3describes that all GNSTRAINT (from clause in lines 2-3) are directly trans-
formed into an ASERTION(to clause in lines 4-5) (there is no restriction in the this clause).
The restrictions are treated in separate rules such as in |&thg

4.1.2.2 ! -ServiceProcess2-ServiceCompositioffransformation Rules

As the ! -ServiceCompositiomodel is a rePnement of some concepts debned-in
ServiceProcesssuch as ©ONTRACT and ACTIVITY SERVICES, most of the transformation
between these models are through direct transformation, without restrictions. We present the
ATL transformation (listing4.4) of the root element that comprises the main elements of both
models.

Listing 4.4 shows the transformation rule for the main elements fte®erviceProces®
I -ServiceCompositiomodel. The ATIVITIES and its EDGES, and GNTRACTS, which are
transformed into BLICY (lines 6-8). Other rules that describe the transformation between A
SERTIONSINto policy RULE are other type of transformation. However, other rules describe
that all CONTRACTS must belong to a speciPcdW-FUNCTIONAL REQUIREMENT, for exam-
ple, all contracts for the performance restrictions, will be grouped into a single performance
PoLicy. This listing is an ATL example fof -ServiceProcesmodel transformation into to
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Listing 4.5 ATL - piServiceComposition2piPEWS : root Rule.

1 rule root{

2 from sCM : pisc!CompositionServiceModel

3 to

4 path: pipews!Path (),

5 pews : pipews!PEWSCTSpec (

6 name < OnewModelPEWSpecName O ,

7 has < path,

8 contains < sCM. partition ,

9 defines < thisModule . policies

I -ServiceCompositiomodel.

4.1.2.3 ! -ServiceComposition2-PEWSTransformation Rules

The transformatioh -ServiceComposition2PEWSs unique among PIM and PSM levels,
however there is no difference in the rules description in ATL, since all rules are debned in
terms of meta-models rather than specibPc models. Thus, PIM-to-PSM transformation rules in
ATL follow the same syntax and semantics of the PIM-to-PIM transformation rules.

The model to be generated in this transformation, narhe®BEWSmodel, will be used as
input for the code generation component, so that the application code specibcation is generated.
The listings4.5and4.6 present two transformation rules in ATL. The Prst describes the trans-
formations of the main elements for the description of a service compaosition, the main path,
the name of the specibcation, the services and policies (lines 6 - 9), while Hs@uigscribes
a policy RULE and its related concepts, such asToN, EVENT and GONDITION. The ATL
rule has a constraint to be checked (line 4), what kind Of Ris being translated for the spe-
cibc language, because depending on the type, the transformation will be changeuEhe R
element (line 15) consists of all the properties necessary to create-@ ®NDITION, such as
ACTION, EVENT and GONDITION (lines 16-18), and to which®LiCY the FRE-CONDITION is
related (line 19).

4.1.3 Code GenerationCode Generation Module

The ! SOD-M methodology and its environment UsePEWS as intermediate language
for supporting the generation of executable codd?EWS is a behavioral language for debn-
ing web services interfaces by specifying the input/output interface of a web service exported
method but also the expected behaviour of its methods (e.g., dependencies, exchanged mes-
sages). The extensiorPEWS extension was inspired by languages like JCBE] [JML [65]

’Other meta-models and transformations can be debned for supporting code generation into WS-BPEL, XAML
and other languages adapted for describing business/service process.
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Listing 4.6 ATL - piServiceComposition2piPEWS : Pre-condition Rule.

1 rule rulePre{

2 from

3 r: pisc!Rule (

4 r.event = #PRE)

5 to

6 rAct: pipews!Action(

7 act < r.action

8 )

9 rEvt: pipews!Event(

10 type < #ActivityPrepered
11 ),

12 rCond: pipews!Condition (

13 expression < r.condition
14 ),

15 rRule: pipews!Precondition (
16 calls < rAct,

17 defines < rCond,

18 hasSome < rEvt,

19 policy < r.policy
20 )

21}

and Eiffel [72], which introduce the notion of contract for specifying the behavior of a func-
tion. In! -PEWS this behaviour can be specibed by debning the order in which the methods of
services will be executed within a business process and methods input/output restrictions.

The ! SOD-M architectureOs code generation compor@ude generation leveis a! -
PEWSspecibcation generator. The code is produced frdraPEEWSmodel, after it be gen-
erated by a model transformation fromServiceCompositiomodel. This component was
implemented using Accele®4]. Figure46 presents a sequence diagram describing the model
transformation process and how the designer interacts with the environment to specify each
I SOD-M model until the specibcation code is generated.

<Xscript type="PiPEWSMetamodel.PiPEWSSpec” name="default" file="<¥%name%>.pews"%>
VA

//=mmmmmmmmmmmmm- <Kname¥%>.pews Service Specification ------------eeoonoo

VZ

Kname%> = <¥WDSLAdress%>

<Kcontains.right.filter("Operation”).alias%> | s/contract

Sfor (defines) {%

defContract <¥name%>Contract{
isAppliedTo: <¥isRelatedWith.filter("Operation").alias%>;
Kfor (defines.filter("Precondition™)) {%
requires: <¥defines.expression¥>

(OnFailureDo: <¥calls.act.toString()%>);

%>

eAllContents("Operation”)){%>
ias¥%> = portType/<¥name%> in <¥isDefinedIn.name%>

&}

for (defines. filter("Postcondition”)) {%

ensures: <¥defines.expressiont
(OnFailureDo: <%calls.act.toString()%);

P
Kfor (defines. filter("TimeRestriction")) {%
timeConstraints: <¥defines.expression¥
erafions e %
3 }
spe . R
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Figure 45: Acceleo Specibcation fofPEWSCode Generation.

Figure45 presents thé -PEWSmeta-model developed using EMF and some pieces of Ac-
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Listing 4.7 Acceleo - Namespace and Operation Code Specibcation.

<%script type="PiPEWSMetamodel.PEWSSpec" name="default"
file="<%name%>.pews"%>
I

l——— <%name%>.pews Service Specificati
1L

7 /I Namespaces

8 <%for (contains){%>

9 namespace <%name%> = <%WDSLAdress%>
10 <%)%>

12 // Operations

13 <%for (has.eAllContents ("Operation")){%>

14 alias <%alias%> = portType/<%name%> in <%isDefinedln.name%>
15 <%}%>

Listing 4.8 Acceleo - Service Code Specibcation.

// Services
<%for (has.eAllContents ("CompositeOperation™)) {%>
service <%name%> = <%contains.left.filter ("Operation"). alias%>
<%if ((contains.nameOperator.toString (). equalsignoreCase ("sequence"))) {%>

<%}else if ((contains.nameOperator.toString (). equalsignoreCase ("parallel"))){%>
<%}9%6>

<%contains.right. filter ("Operation"). alias%>
0 <9%}%>

POONOUONWNRE

celeo specibcation. This bgure shows the specibcation fdtahescape, Operation, Service
andContractcode generation fdr-PEWS After the code transformation processpawspPle

is created. The listing.7, 4.8and4.9 present parts of Acceleo code for thd?EWScode gen-
eration. The code are the same presented in P¢ayrehich presents the relation between the
meta-model concepts and the Acceleo code. The code generation follow the language syntax
described in appendi.

In listing 4.7 (lines 1-2) references the meta-model, the root elenfBWSSpecand the
name of the generated Pk%name%>.pewk Lines 3-5 presents the name of the service spec-
ibcation. Lines 7-10 describes$a integration in thecontainsrelationship betweeREWSSpec
andNamespaceand lines 12-15 all operations debned in ebleimespaceés generated. This
operations came from theDebnedInmelationship betweeNamespacandOperationentities.

Listing 4.8 presents the Acceleo specibcation for tRREWSmodel transformation into
code. A service is an alias for one or more operations. Ligti@gpecibes the contract genera-
tion, using thedebPneselationship betweeAPolicyandRule Each contract have a set of rules
for the specibcation.

The generated code can be executed in hotREWSand A-Policy enginésThese 2 en-
gines are not native components in tfeOD-M plugin. The environment supports the process
design to generate code in any language. New language editor components, like BPEL or

8 Both engines are currently under development. THREWSengine is being developed at UFRN anf the
A-Policy engine in being developed at Grenoble/France.
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Listing 4.9 Acceleo - PEWS Contract Code Specibcation.

1 /Il Contract

2 <%for (defines) {%>

3 defContract <%name%>Contract{

4 isAppliedTo: <%isRelatedWith. filter ("Operation"). alias%>;
5 <%for (defines. filter ("Precondition")) {%>

6 requires: <%defines.expression%>

7 (OnFailureDo: <%calls.act.toString ()%>);

8 <%}%>

9 <%for (defines. filter ("Postcondition")) {%>

10 ensures: <%defines.expression%>

11 (OnFailureDo: <%calls.act.toString ()%>);
12 <%6)%>

13 <%for (defines. filter ("TimeRestriction")) {%>
14 timeConstraints: <%defines.expression%>

15 <9%)%>

16 }

<%}%>

XAML, can be easily coupled to the environment. Therewith, it is necessary to add the lan-
guage meta-model and make the transformation process. Thus, fre8easiceComposition
model, different models and codes can be generated (not eREPWS. This requires only the
debnition of equivalent meta-models, and the corresponding code transformation rules.

The composition engine manages the life cycle of the composition. Once a composition in-
stance is activated, the engine schedules the composition activities according to the composition
control Bow. Each activity is seen as a process where the service method call is executed. The
execution of an activity has four states: prepared, started, terminated, and failure. The execution
of the control Row (sequence, and/or split and join) can also be prepared, started, terminated
and raise a failure.

At execution time, the evaluation of policies done by tr@ Y manager must be syn-
chronized with the execution of the services composition (i.e., the execution of an activity or a
control Bow). Policies associated to a scope are activated when the execution of its scope starts.
A Poticy will have to be executed only if one or several of its rules is triggered. If several
rules are triggered, thiolicy manager Prst builds an execution plan that specibes the order in
which such rules will be executed according to the strategies debned in the following section.
If rules belonging to several policies are triggered then policies are also ordered according to an
execution plan. The execution of policies is out of the scope of this thesis, the interested reader
can refer to 47] for further details.



INPUT:

- requirement specification;
- business specification.

execute(specification_code: pi-PEWS)

:designer ’ :Model Transformation Engine

create_UCmodel(name: String) JW‘

uc_model: pi-UseCase

generate_SPmodel(uc_model: pi-UseCase)

pi-UseCase2pi-ServiceProcess(uc_model: pi-UseCase)

sp_model: pi-ServiceProcess

create_SPmodel(pi-uc: pi-UseCaseuW‘

model: pi-ServiceProcess

generate_SCmodel(sp_model: pi-ServiceProcess

pi-sc: pi-ServiceComposition

create_SCmodel(pi-sp: pi-ServiceProcess)

pi-ServiceProcess2pi-ServiceComposition(sp_model: pi-3

erviceProcess)

sc_model: pi-ServiceComposition

generate_PEWSmodel(sc_model: pi-ServiceComppsition)

specification |codle: pi-PEWS

pi-ServiceComposition2pi-PEWS(sc_mode: pi-Serviceg

create_PEWSmodel(pi-sc: pi-ServiceComposition|

J :pi-ServiceComposition

mposition)

EWS

generateCode(pews_model: pi-PEWS)

specification_code: pi-PEWS

results

Figure 46: Model Transformation Process.
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4.2 Debning Reliable Service Based Applications

The! SOD-M environment development starts with the creation of a project and then the
debnition of al -UseCasemodeP, supposing that the business and requirement specibcation
document have been previously completed. Figifrpresents the views provided by the envi-
ronment:Project view, Menu view, Editor vieandProperties view

@ Eclipse File Edit Navigate Search Project Run PiUseCase Editor Window Help €3 M <O @ 3 = ) @I (1:12) dom 12:45 Placido A Souza Neto Q

e O 0O Java - MusicApplica(ion—VaIidationExample/music.pi&\ecase - Eclipse - /Users/placidoasouzaneto/workspaces /workspaceExampleThesis
\
v v vIEEFECG @ v 1 v v Se v . 7 |8)ava
PrO-Q | BHEFCG ™S i : 2 - Menu view | &)
[# Package Expl 8 . Ys Hierarchy| = O || ) music.piservi iti [ music.pi X3 =78
5 G | o || Resource set

¥ =3 MusicApplication-ValidationExample v [ platform: /resource/MusicApplication-ValidationExample/music.piusecase

(&) music.piservicecomposition ¥ 4 Model

(4] music.piserviceprocess <4 Actor user

¥ 4 Classifier

[2) music.piusecase
¥ 4 Functional Basic Use Case update music

<4 Extend extended publish twitter
< Extend extended publish facebook
4 Functional Basic Use Case publish twitter
4 Functional Basic Use Case publish facebook
v 4 Non Functional Requirement Security 3 - Editor view
4 Non Functional Attribute Authentication
4 Requirement To Publish Music
¥ 4 Package app
1- Project view Package facebook

Package twitter

Selection | Parent| List| Tree| Table | Tree with Columns

[ Properties 83 &3P v =0
Property Value
CType i=VALUE
Description i=To update a @song, the user must login in a Social Networking... The User must provide @id and @passworc
Name U= user must authenticate
Nfa 4 Non Functional Attribute Authentication

4 - Properties view

Selected Object: Use Case Constraint user must authenticate

Figure 47:! SOD-M Eclipse Plugin Environment.

4.2.1 | -UseCaséModel

The goal of creating b-UseCasés to represent the functions and system services described
in the requirements specibcation and business specibcation documents, which are the require-
ments input for this phase. In accordance to the process described in4¢ytine designer
receives the documents as input and createstdeeCasanodel. With this model created, the
transformation component generates'th®erviceProcessiodel as output.

To create thd -UseCasemodel, it is necessary choose the root eleméfade) as the
starting point of modeling, during the process of creatsewO.piusecase He( using the
sequencefile > New > Other > EMF Model Wizar§l From this point the model is created as

9To create a model, the user must execute the sequEitee: New > Other > EMF Model Wizardand choose
one of the methodology®s model.
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a tree of elements with its specibc references, as shown in H@ukehich shows the model
elements and its equivalence in the graphicdlseCase model, each element is built in an
iterative way and must obey the hierarchy and its relationships.

Each model element has a number of childs or siblings to which it is relatedytcan Use
CAsErelates @NSTRAINT, EXTEND and INCLUDE elements, as well as NFRelates NFA.
Figure48 shows how to create the model elements for tiogp@blish musi® scenario.

’ Requirement§

#7"NoH Furictional Requirement &) music.piusecase 52 -8
A
4% Package [/ \Resource Set
v L;ﬁiplatform:/resource/Transforma(ion— iUseC: iServiceProcess/ ple_test/music.piusecase
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| ew Sibling > 4 Extend 3 "4 Use Case Constraint user must authenticate

<4 Functional Basic Use Case publish twitter

<4 Functional Basic Use Case publish facebook
Vi< Non Functional Requirement Security |

<4 Non Functional Attribute Au(hen(ic.:fifeq\
Requiremen(\To Publish Music

ckage facebook
Package twitter

Selection| Parent | List| Tree| Table | Tree with Columns

4 Non Functional Attribute |

New Child > ¢ Package

lauthentication! - the user must procee&S
with login.

DESCRIPTION - To update a @song,  |-----
the user must log in to social
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@password, and pass the @song data.
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<<value>>
user must authenticate

app.facebook 6
) publish facebook
! -

| P

I

I

1 -

I

I

I

I

I

T app.twitter
%publish music% . .

Q update music }e------------------1 ___ ( publish twitter
1\

user

2 $publish music$ - The user can publish B
the song in a social network;

5 |#security# - The system must to provide
security of data for publish the music;

Figure 48:! -UseCase Model Depbnition INSOD-M Eclipse Plugin.

Example: Items 1 and 2 in Figurd8 show how to create an @&@OR and a REQUIREMENT,

item 3 presents thepdate musidJSE CASE and how to create a@\STRAINT related to this
element. Item 4 makes reference to@NSTRAINT and Pnally, the items 5 and 6 are equivalent
to a NFR and a RCKAGE elements, respectively. Each item in the model refers to a equivalent
element in the graphical model. O

Figure 49 presents some conbguration properties. After creating an element, it is neces-
sary to set its properties. All elements have properties that describes their relationship and
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specibcation values. These properties are used to give specibcation details, as well as future
transformations.

Example: Item 1 in Figure49 shows the $E CASE element properties for theadpublish mu-
sicO application. After the creation of a use case it is necessary to create the anamets
which requirementhe use casdelongs, and the respectipackage Item 2 shows the proper-
ties of a GNSTRAINT element. In a constraint, its type must be expliALUE, BUSINESSr
EXCEPTIONALBEHAVIOUR its description with all candidatevariablesdescribed with an
@0, itmameand which NoN-FUNCTIONAL ATTRIBUTES element this constraint is related to,
e.g, Authenticationis an attribute of the NN-FUNCTIONAL REQUIREMENTS Security Items

3 and 4 show theTo Publish Musi© requirement properties and packaaepO, respectively.
The properties of each element obey the elements described!inlliseCaseneta-model.
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with login. 2
DESCRIPTION - To update a @song,

the user must log in to social
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Figure 49:! -UseCasdroperties in SOD-M Eclipse Plugin.

4.2.2 | -ServiceProcesModels

The goal of creating &-ServiceProcesmodel is to represent the system execution 3ow.
The designer receives theUseCasanodel as input to generate theServiceProcessodel.
After the! -ServiceProcessodel be generated, the designer calls again the model transforma-
tion component to generate theServiceCompositiomodel as output (Pgurb).
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To create the -ServiceProcessiodel, it is necessary choose the root obj&aryice Pro-
ces$ as the starting point of modeling, during the process of createew (piserviceprocess
pled option. From this point on, the model is created as a tree with its specibc references.

As this model is a rePnement of the concepts described in the previous model, its informa-
tion is part of the information and properties of thdJseCasemodel, but they focus on the
process workRow and application functions.

Example: Figure50 shows the complete model of the example scenario and its main compo-
nents. From the root element the user can create the following elema&®gi1ck ACTIVITY,
OBJECTFLOW, CONTROL FLOW, CONTRACT and NON-FUNCTIONAL ATTRIBUTE. In Fig-

ure 50, item marked with 1 highlights the creation of the@&TRoOL FLOW . Items 2 and 3
show the elementsdRkk NODE and DIN NODE, respectively, essential for the execution Row
description. Items 4 show thedX10N element, which describes tl®wnload music, listen
musicandpublish twitteractions and Pnally, items 5 highlight thesAERTIONelement, which

is used to describe the restrictions over eadTWN. ]

The designer must also conbgure the properties of egdrviceProcessodel element to
complete it by specifying all constraints that compose the contracts and the application process.
Figure51 presents the properties of the main model elements for our example scenario. These
properties complement the modeling of the execution [3ow.

Example: Items 1 in Figures1 describe the properties of @Rk NODE, which is associated
with EDGE ACTIVITIES (CONTROL FLOw and (BJECT FLow) that connect the ATION el-
ements. For example, theoRk NODE fn_toPublishMusidas an input edgec{l) and three
output streams edgesf®, cf3andcf5). All these elements aredNTROL FLOW entities (items
3). Items 2 show the ATION properties, and items 4 and 5 describe @\@RACT and its
ASSERTIONSproperties, respectively. A @NTRACT has anameand the information of an
ACTION. AssERTIONSare GNTRACTOs child element. Eacto@TRACT can have many &
SERTIONS Each AssSeERTIONhOas six properties, they are: @Property which describes the
runtime veribcation execution time, (description (iii) variable name(iv and v) a maximum
and minimum allowed to be checkebl@éxValueandMinValug and the variable (vi)ype In
cases of non numeric types.,g. Short Int, FloandDouble only MinValue property value is
considered property aihbxValueis described asull. O
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Figure 50:! -ServiceProcesklodel Debnition it SOD-M Eclipse Plugin.
4.2.3 ! -ServiceCompositiotModels

The goal of creating &-ServiceCompositiomodel is to represent the system service com-
positions and to reference the external services that are called by the application. The designer
receives thed -ServiceProcessodel as input to generate theServiceCompositiomodel.

After the! -ServiceCompositiomodel is generated, the designer calls again the model trans-
formation component to generate thd®EWSmodel as output (Pgur6). The output model
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Figure 51:! -ServiceProcesBroperties in SOD-M Eclipse Plugin.

describes the system specibcation in a specibc platform.

To create the -ServiceCompositiomodel, it is necessary to choose the root obj€ct-
position Service Modghs the starting point of modeling, during the process of creating a Onew
.piservicecomposition PleO option. From this point on, the model is created as a tree with its
specibc references.

Recall that thd -ServiceCompositiomodel is a rePnement d¢f-ServiceProcessodel,
most elements are the same, except farsBIESS COLLABORATOR, PoLiCcY, RULES and
VARIABLE. Thus, we will detail these elements in the model editor description.

Example: Figure52 shows the relationship of these elements for our example scenario. Each
ACTION has an specibc BSINESS COLLABORATOR (item 3), this elements express the ex-
ternal service provider, such as Facebook, Twitter or Bank. Another example o§aBss
COLLABORATOR debnition is a WSDL specibcation. The WSDL namespaces represents a kind
of BUSINESSCOLLABORATOR. Besides BISINESSCOLLABORATOR element, the main chil-

dren root elementGomposition Service Modehre: RoLICY and SERVICE ACTIVITY (items

1), and each 8LicyY (items 2) is directly related withERvICE ACTIVITIES. From a B®LICcY

it is possible to create a set olURES (item 4). Figure52 also presents an equivalent graphic
model of the application. In this Pgure, tApplicatiorOs BSINESSCOLLABORATOR presents
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only the main ALTIONS (buy music, listen music, publish Facebaridpublish twitte) that are
related with a 8RVICE ACTIVITIES that have one 8LicY. TheApplicatiorOs BSINESSCOL-
LABORATOR model is the same presented in the previous sectigBgfviceProcessiodel).
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Figure 52:! -ServiceCompositioodel DepPnition int SOD-M Eclipse Plugin.

The properties of -ServiceCompositioalements are conbgured as the same way the other
two previous editors, and the properties described in! #&erviceCompositiometa-model
(Figure28). Thus, to conbgure the properties of this model, it is necessary simply choose the
desired element and to modify its values.
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4.2.4 | -PEWSModels

The goal of creating &-PEWSmodel is to represent the application in a specibc platform.
The designer receives theServiceCompositiomodel as input to generate thePEWSmodel.
After the! -PEWSmodel be generated, the designer calls again the model transformation com-
ponent to generate the-PEWSspecibcation code as output (Pgd®. This code will be
executed.

To create thé -PEWSmodel, it is necessary to choose the root objP&WS Spdas the
starting point of modeling. From this point on, the model is created as a tree with its specibc
references.

The ! -PEWSmeta-model is a representation of thdPEWSlanguage. Each-PEWS
model is a program/specibcation written in that language. The elements described in this model
represent parts of languageOs grammar constructs. Each entity in the model represents a piece
of I -PEWScode.
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) Undo New Condition ~Z % Condition

Selection| Parent| List| Tree| Table | Tree with Columns

Figure 53:! -PEWSModel DePnition int SOD-M Eclipse Plugin.

Figuresb3 and54 show how the elements that compose-REWSmodel can be specibed
in our tool. This model is generated automatically from th8erviceCompositiomodel.

I -PEWSs the last model generated before the code generation. At this stage, it is spected
that the designer proceeds with a general (manual) check of consistency of the model. It is
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Figure 54:! -PEWSModel Properties ih SOD-M Eclipse Plugin.

important to remark that the environment alone does not replace the modeling work required to
design and develop services based applications.

4.3 Extending the Environment

Both, the! SOD-M environment and methodology can be extended, in order to improve
the components that describe and implement the methodology. Extensions can be done in two
different levels: (i) adding new models to the existing infra-structure, and (ii) considering more
abstract levels.

The extension may be in terms of language: new meta-models for other languages can be
described and coupled to the environment. The extension process should take place as follows:
new languages meta-models may be designed and coupled in the environment architecture (such
as BPEL, XAML, WSDL and XLANG). After creating the desired meta-model, a mapping must
be done. The mapping must respect'th§erviceCompositiometa-model. It is also necessary
to describe the rules for code generation, using a code generator engine such Acceleo.

Considering the more abstract level of the methodology, new meta-models can be described.
For instance, the computing independent level (CIM level) of SOD-M may be added to our
methodology to describe the requirements and business restrictions in terms of models.
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4.4 Conclusion

This chapter introduced the implementation of tH@OD-M methodology environment.
We also presented a representation for our model description. The implementation includes all
(i) meta-models of SOD-M, (ii) editors for each model for the applications being developed,
and (iii) the plugins for the transformations debned by the methodology. An example was also
presented to describe the environment features.
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5 Evaluation

Q et us change our traditional attitude to
the construction of programs: Instead of
imagining that our main task is to
instruct a computer what to do, let us
concentrate rather on explaining to
human beings what we want a computer
to doO

Donald E. Knuth

This chapter describes the experimentation we conducted for evaluating SGB-M
methodology. The chapter presents three examples . The brst two examples concern sim-
plibed service-based applications that focus on the applicationOs logic and explicit business
rules. They show how SOD-M can be used for developing applications and exemplify the
consideration of non-functional aspects along the whole development process. The last exam-
ple (GesIMED[39] application) aims to perform an evaluation of our approach, analyzing the
main differences and particularities between SOD-M BS®D-M.

The objective of the experimentation was to evaluate the features and concepts proposed by
I SOD-M, considering the implementation of some examples, and perform a comparison with
SOD-M. This comparison focuses on verifying which of those proposed aspects favored the
development of service-oriented applications in the presence of non-functional requirements. In
this direction, our intention is: (i) analyze if it is possible to model non-functional requirements
from initial levels of abstraction in the service-oriented development, (ii) and verify what are the
advantages of using the proposed approach, compared with the original proposal of SOD-M.

This chapter is organized as follows: sectf shows theTo Listen Musicexample , sec-
tion 5.2introduces the exampl€rime Mapand sectiorb.3introduces th&esIMED example
that we used for validating the methodology. Sectiod presents the lessons learned with
the validation process. Finally, Sectiérb concludes the chapter and discusses on validation

results.
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5.1 Example 1: To Publish Music

An organization wants to provide the service-based application that monitors the music a
person is listening during some periods of time and sends the song title to this personOs Twitter
or Facebook accounts. Thus, this social network user will have her status synchronized in
Twitter or Facebook. The scenario begins by get through the music service Spotify for fetching
the userOs musical status. The social network services are then contacted to modify the userOs
status with the music information. The user can also download a specibc music, he can proceed
with the download process, which includes the payment process.

The user can download a music, after having proceed with the payment via PayPal or credit
card. All services are available via Spotify and this application needs to interact with Spotify
users, so they can listen music, publish them on Facebook and Twitter, or buy music online.
The scenario to monitor and publish songs has the User and Spotify actors.

The functionality of the application areSearch music; Choose music; Download music;
Listen Music; Buy musiandPublish music

5.1.1 ! -UseCase Model

Figure55 shows the main part of the use case model foffth@ublish Musi@pplicatior.
The! -UseCase model describes the system functions and constraints. Fguaed57 de-
tail the model and conbguration properties for the described example (actual view taken from
the! SOD-M environment). Three restrictions are specibPed on the use cases described by the
model, two on thduy musicuse case and a restriction on ey use case. These restrictions
are value and business constrairBsly musiaestrictions are related to secure connection and
to ensure that the user needs to have an account in the music network. They are marked using
#...# bguresb, 56 and57. Notice that those NFRs and constraints will be the base to debPne
assertions and contracts by the transformations of models.

Figures56 and57 present the update music model and show how the properties are debned
in the'! SOD-M environment. This example describes the properties oveupgate music
(item 4, bgureb6) use case and the restriction over the authentication process (item 3, bgure
56). To update a music in a social network, the user must be authenticated.

The modeling of the application properties using the environrh&@D-M are the same
presented in theé-UseCase model, as described in Fighre For example, the authentication

The completé -UseCasanodel can be found in appendix
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app ‘

have/create a Spotify account

notification to the user if something
wrong happened, after the execution;

app.spotify ‘
!privacy and confidentiability! - the user ma . !connection! - For buy a music, the
have the privacy informations preserved. <<constraint>> <<con§tra|nt>> system must provide a security connection;
<<business>>  )____|
. <<value>> .
DESCRIPTION - The user must provide security http DESCRIPTION - It is necessary send a

a Spotivy @login and @password.

$buy music$ - The user have to buy the music
before download it;

#reliability and security# - The system must to [~ >«
provide reliability and user privacy data;

I )
I -
I .
I -
N | .-
Q Y%payment% N >
}\ buy music cmemmmmm=a -

i
user <<include>> P \<<include>>
- I

$download$ - The user can download a

~ : music if he wants;
download music )-- - - - -
#reliability and security# - The system

must to provide reliability and user privacy
data;

%download%

o

spotify
$listen music$ - The user can listen a
music if he wants;
#performance# - The system
must to provide a good performance; receivePaimen
%listen music%

app.bank / _ ,’I ‘

; <<constraint>>
fffffffff <<value>>
» security transaction
. I
. I i

!transaction! - the payment must be in a
security transaction;

$buy music$ - The user have to pay befo
download the music;

#security# - The system must to provide
security connection for payment;

Y%payment%

i
. <<extend>>|

,+ <<extend>>]

DESCRIPTION - The minimum

@payment_value is 2 euros. It needs the

. I
s !
@card or @paypal @user_data, so that the
pay by paypal pay by card payment is made.

Figure 55:To Publish Musid -UseCase.

restriction details the type of constrainfALUE), a description nameand anon-functional
attribute (authenticatiof). These properties are described in all constraints (item 2, Bgre

Figure 58 shows the service components that must interact withafigicationand the
interaction among them. There are four services that are invoked to produce results for the
Publish Musicapplication:Spotify, Facebook, TwittexndBank

5.1.2 | -ServiceProcess Model

Figure 59 shows the! -ServiceProcessliagram for the execution of activities based on
contracts. We present here the part of the diagram produced from the concepts of the7gure
The completé -ServiceProcesdiagram of the application is shown in Pg@® Notice that it
IS necessary to represent eachNSTRAINT modelled in a @NTRACT based service activity
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Figure 56:To Publish Musid -UseCase Environment Detail.
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with login. 2
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Name To Publish Music
Use Case

4 Functional Basic Use Case publish facebook, Functional Basic

'] Properties R
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<4 Functional Basic Use Case publish facebook

¥ < Non Functional Requirement Security

4% Non Functional Attribute Authentication

< Requirement To Publish Music 3

< Package app
4 Package facebook
< Package twitter

Selection| Parent| List Tree‘Table‘Tree with Columns\

Figure 57:To Publish Musit-UseCase Environment Detalil.
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<<application>>
To Publish Music

L e al
1 1
1 fmm—————- peeee- B 1
1 | | 1
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1 | | 1
1 | | 1
1 | | 1
1 | | 1
1 | | 1
1 | | 1
\Vi ! ! Vi
<<service>> <<service>> <<service>> <<service>>
Spotify Facebook Twitter Bank

Figure 58: To Publish Music Services.

diagram. Each constraint described in the previous model is transformed into a contract in the
I -ServiceProcess model.
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Figure 59:To Publish Musid -ServiceProcess.

Publish Twitterandpublish Facebookbgure59) have pre- and post-conditions assertions
that are grouped into a contract for each service: (i) verify if the user data are correct; (ii) if
the user is already logged in Spotify; As post-condition, it ensures the complete transaction and
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veribes whether the payment authorization notibcation was sent to the user and to Spotify. There
may be different restrictions depending on the services participating in the publish process.
The user must be logged in Spotify in order to access Facebook, and Facebook must send
a Osuccessful loginO acknowledge which is veribed by the post-condition. For publishing a
message, Twitter imposes pre-conditions on the length of the message and user data login. In
contrast, Facebook only sends a conbrmation acknowledge. Items 4 and 5 ib®giuog the
pre-conditions for publish Twitte® concerning) the format of the music ble and)(access
authorization credentials, namely login and password.

The development of the-ServiceProcess rebne the constraints into contracts for the ser-
vices as shown in Figureo.

5.1.3 ! -ServiceComposition Model

There are four external BSINESS COLLABORATORS in this application:Bank, Spotify,
Twitter andFacebookitems 3, Pgur&0). Figure60 shows the application services that consist
of a set of functionssearch music, select music, buy music, download music, listen amgic
publish music Thepublish musi@ction calls two service collaborators (Facebook and Twitter),
and thebuy musiaction calls two functions of the Bank service collaborator.

TheTo Publish Musid -ServiceComposition model debPnes three polidiesisactionPol-
icy (item 4, bgures0), httpAuthPolicy(item 2) andauthPolicy(item 6). ThetrasactionPolicy
veribes the Bank data restrictions over the payment and conbPrmation procedstpPuh-
Policy policy specibes rules over the Facebook function for the authentication and notiPcation
processes. These rules are executed during the publish massage function requestth-The
Policy policy implements the open authentication protocol required for accessing the Twitter
service.

From theTo Publish Musiaules and policies it is possible to model and associate non-
functional properties to servicesO compositiens, the integration of information retrieved
from different social network services, automatic generation of an integrated view of the op-
erations executed in different social networks or for providing security in the communication
channel when the payment service is called.

From this stage, the-PEWSmodel (PSM) depicted in Pgur&4 and32 can be generated.
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Figure 60:To Publish Musid -ServiceComposition Model.

5.2 Example 2: Crime Map

The Crime Map example addresses the design and implementation of a system that deals
with statistical data on criminal activities. The system works in conjunction with third-party
services, in order to process a search supplied by a user. The system must provide a public
utility service to inform citizens about the real crime situation in a particular location or region.
Making use of third party services, the application must provide a statistics crime portal. The
result depends on user queries and upon a user demand results can be presented on a map. The
system also interacts with micro-blogging, for looking up messages containing specibc crime
information. The presentation of the data concerning criminal activities is provided by the
Police service The presentation of a locality map crime is made by@uogle Maps service
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and messages presentation on the micro-blogging is done biwilter service The system

also has &ost servicefor searching an address location that can be then presented in a map
by Google maps. The scenarios to query data and crime statistics have the following(@ctors:
User, (ii) Map service, (iii) Post service, (iv) Micro-blogging servened (v) Police serviceto

query the criminal activities (Pgul).

Considering the application functions, the crimes may be searched by typestheft,
murder, kidnappingetc. The search can also be made by cityO district or region, for example,
center, west, south, nortbr east and it can process search temporal criteria, for example,
crimes of the previous day of the last weeks or months. Finally, the service can also process
conjunctive queries.g, the number of kidnapping of a specibc district in the last month

Whenever a new crime is published by the police, the system should post a message on
Twitter stating the new crime, with a specibc hashtag, #crime043_kidnapping_center_05-
08-2012 The hashtag structure contains the crime number, type, local and the day it happens.
From this, users can comment about the crime and these comment will appear in the application
interface. All users must have an account to use the application.

The application functionalities ar&Choose search type of crime; see crime information;
Receive information on the chosen query; See map; List criam@kComment about a crime.

Non-functional requirements for this application includpieries response performance,
crime information validationcrime information presented in a ma@mdensuring crimes data
security.

5.2.1 ! -UseCase Model

Figure 61 presents the Crime Map-UseCase model. This model includes examples of
business, valuand exceptional behavioursonstraints. The application accesses data from
third party services to provide the user an easy way to visualize new information, these services
are:Map, Police, PostahndMicrob-logging Services

The user interacts with the application that will perform the services for obtain and publish
details about the crimes. The services are modeled as actors (they are external applications).
Each service has a set of functions that can be performed. -TseCase model describes both
the external services and the functionality of the application (see Bdjure

The user can search for crimes and view its occurrences in a map. The search may be
performed bytype of crime, regiomr period The user can also perform a search that combines
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Figure 61: Crime Map -UseCase.

these criteria. If the applicationOs user does not choose any option, the search will retrieve up to

30 recent occurrences. If the location maps service is unavailable or there is no response from

it after 5 seconds, only the crimes information will be presented, without a map view.

Figure6lalso presents the-UseCase model tree representation generated By36d-M

environment model .Figured2 and63 detail the use cases and constraints presented in Figure

61

The search crimesuse case (Figuré2) requests thd olice service to verify the crimes

according to the parameters supplied by the user. The restriction of this use case depends on
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Requirement Non Functional Req search crimes Name B ardame
Subject Use Case 4 Functional Basic Use Case search by address, Functional Basic Use Case search
Use Case In Package Package app

Figure 62:Search crimeé -UseCase Detalil.

the parameters selected by the user. If the user chooses one or several types of specibc crimeOs
type, the system will present those crimes that have more than bPve occurrencesarebrby
addressthe address must comply with the restrictions of the police service, the research can be
done by street, neighborhood, city or distri€earch by perioavill provide only occurrences

within the last six months.

Figure63 describes the design of the use cases crime information, see statistics, show
mapandshare information To share information of a crime, it is necessary to access the Twitter
micro-blogging service to proceed with the authentication and posting. The service requires the
user id and password, however the application must ensure the User privacy information while
performing authentication. To see statistics of crimes, the application should process a larger
volume of data to generate statistical results. Thus, it is required to provide resources to ensure
the data processing performance. The restriction on map presentation is over response time and
accessibility of théPostalandGoogle mapservices. The response time limit is 5 seconds. If
the map is not processed, only the information of the crime are presented. F6guard 63
also show the properties used in th8OD-M environment and the equivalent concepts in the
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app
$crime details$ - The User ca
see details of crimes in a map. !time and accessability and
o o <<contraint>> capacity!
ind pertormances - <<business>> ) ------y
o - DESCRIPTION - The response of the ma
The application must preserve response performance service should be at Iegst in 5 seconds P
the address integrity of each
$crime statistics$ - The User can L crime. 1 3
see statistics _abt_;ut the crimes, %crime information% N .
such as the district more SN ' app.post
dengereous or calm, and also AN H .
type of crimes that happens $crime details$ - The User ca™ AN '
often. see details of a specific crime, 4 =
oralistofthem. | ( showmap ) ---------------o___o__ >
#availability# - The application Sl Post Service
must preserve the integrity of #availability and reliability# - . Tl
crimes data and perform a big The application must the I Tt~
data volume. integrity of crimes data. . Tte-oll
<<include>> e
app.maps
%crime information% %crime information% H Pp-map
T '
! '
@ C}? <<extend>> Google Maps Service
! User el
1 S Y
RS app.twitter
v $crime details$ - The User can share the . . PP
1 crime information in a microblogging. [~~~ """~~~ share information ). - - - >
<<constraint>>
<<business>> #security# - The application must provide
valid crimes information security connection for twitter . X
authentication. Twitter Service

! Ycrime information%

'
'
'
'
'
'
'
'
'
!

!capacity! - The application may to perform

lpri l i |-
a data volume steadily. Iprivacy and authentication! - the user ma

have the privacy informations preserved.

<<constraint>>
<<value>>
requires user login

DESCRIPTION - This constraint is a restriction
on crimes volume data that may be necessa
for perform of the service.

DESCRIPTION - The user must provide ~ q------
a twitter @login and @password.

=] Properties 53 3
[ Properties 82 1 Property Value
Property Value Clype (= BUSINESS . -
Description '=The @response of the map service should be at least in 5 seconds.

CTypg . U_S]NESS o . X Name [=response performance

DESC(IP(IOH hI.S COTIS((Z\IH[ Isa I'E.S[TIC(IOH on crimes volume data that may Nfa 4 Non Functional Attribute ACCESSBb”I‘Y. Non Functional Attribute Time

Name [=valid crimes information

Nfa 4 Non Functional Attribute Capacity .

=] Properties 83 4
- Property Value
=] Properties $3 2 Description I=The User can see details of a specific crime, or a list of them.
Property Value Name 1= crime details
~ Use Case 4 Functional Basic Use Case see crime information, Functional Basic
CType '=VALUE
Description i=The user must provide a twitter @login and @password. ==
Name i= requires user login = Properties §% 5
Nfa 4 Non Functional Attribute Privacy, Non Functional Attribute Authentication Property Value
i Actors 4 Actor User
Name I= see statistics
Requirement Requirement crimes statistic

Figure 63:See crime informatioh-UseCase Detail.

model.

After the identibcation the various functions that are required by the system to perform the
business services, theServiceProcess model is used to represent the workl3ow necessary to

perform a service within the system.

5.2.2 | -ServiceProcess Model

The! -ServiceProcess model is used to represent the workf3ow necessary to perform the
system service. The service processes execution is described in two steps. Eigamd$7
show the Row of functions execution described inthdseCase models shown in Figu&?
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<<application>>
Crimes' Map

A4 A4
<<service>> <<service>> <<service>> <<service>>
Police Google Maps Twitter Post

Figure 64: Crime Map Services.

and63. Each diagram can represent different business services (see bgareis3).

The diagrams of bgure§5 and 67 were obtained by applying thé-UseCasel-
ServiceProcessansformation to the diagrams of Pguf#and63, respectively.

$pre-condition$ $post-condition$
==77?
#addressFormat — #result[i].period < 180#]
T
!

i
i
i
choose crimes' <<assertion>> . '
search crime !
i
i
i
i
'
$post-condition$ - - '
<<assertion>> <<assertion>>
#not(getCrimes(type).legth > q‘ T

--> false#

see crimes'
information

<<assertion>
verify time
request

L
$post-condition$
#serviceResponse.getTime() < 5000 #

Figure 65:Crime information! -ServiceProcess.

Each constraint of bgurégb and67 are transformed into assertions. For example, the as-
sertions of address format, crime types and time are restrictions over the s&tiah crime
being one pre-condition and two post-conditions. These restrictions form the contract on the
search criméunction. Similarly, for viewing maps, if the answer to the request takes longer
than 5 seconds (5000 milliseconds), the map display is suspended and only the information is
presented. Each assertion in thisServiceProcess model stems from th&seCase model
constraints. These restrictions are shown in FigifreFigure66 presents the equivalent model
generated by the methodology transformation in!'tB©D-M environment for the process de-
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[2) crimes1.piserviceprocess $3 = g i & Properties &

r P Property Value

L7 Resource Set pes = "
Name [=search crime

¥ 2! platform:/resource/Transformation-piUse
¥ < Service Process
¥ <> Service Activity search crime

e2piServiceProcess

] Properties £3

< Initial Node i_node Property Value
4 Action choose crimes' property Action In Exceptional Behaviours
4 Action search crime L Contract Contract searchCrimeContract
N . . . - Incoming 4 Object Flow of1
¥ <> Service Activity see information

R i Name I=search crime
% Activity Final Node f_node Outgoing 4 Control Flow cf2

<4 Fork Node fk1_node Redefined Element
4 Action see map
<4 Action see crimes' information

] Properties ES
‘ =
4 Control Flow cfl

X Property Value
i gbject IF:’TW Offl‘z Incoming 4 Control Flow cf2
ontrol Flow ¢ =
Name '=fk1l_node
< Control Flow cf3 Outgoing 4 Control Flow cf3, Control Flow cf4

<4 Control Flow cf4 Redefined Element
< Object Flow of2
< Control Flow cf5

¥ < Contract searchCrimeContract

4 Assertion addressFormat

| = Properties 23

Property Value

) Name =cfl
4 Assertion getCrimes(type).legth Redefined Element
4 Assertion result[i].period Source Initial Node i_node
¥ < Contract seeCrimesinformationContrac Target 4 Action choose crimes' property

4 Assertion serviceResponse.getTime()
< Non Functional Attribute integrity
< Non Functional Attribute conformability
< Non Functional Attribute resource

=] Properties $3

Property Value
Action <4 Action search crime

Name [=searchCrimeContract
Selgction| Parent| List| Tree| Table | Tree with Columns
i o
Z*ropenies 52 =] Properties 53 [ Properties 83
Property Value Property Value Property Value
Name I'= conformability AProperty  [=PRECONDITION AProperty  [=POSTCONDITION
Description [=verify address Description [=verify types | not(getCrimes(type).legth > 5) --> false
Max Value [=null Max Value [=-
Min Value [=77? Min Value [=5
Name '= addressFormat Name = getCrimes(type).legth
Type I=Object Type = Integer

Figure 66:Crime information! -ServiceProcess Environment.

tailed in Figure65. Each node debnes the process element and its properties.

In Figure 66, i_nodecorresponds to the initial process nodeCTAONS are grouped into
SERVICE ACTIVITIES, such aghoose crimes propertgction that is part of theearch crime
service activity. A @NTROL FLOw is an edge that links two nodes, for exampl& connect
the initial nodei_node(source) with thechoose crimes propertyction (target). Figuré6 also
presents the assertions described in Figitgrouped into ©@NTRACTS The contracts are:
searchCrimeContracandseeCrimelnformationContracirhese contracts are related with the
actionssearch crimeandsee crimes information

Figure67 presents the assertions over fee statisticendshare informatioractions. Both
have 2 pre-conditions. Tshare informatioron Twitter it is necessary to verify the format of
crime information (140 characters) and the Twitter id and password, for authentication. Re-
garding thesee statisticaction, there is a business restriction over data volume, and a value
restriction over the crime information format. Thus, the presentation of the crimes statistics
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$pre-condition$
#crimeslil.Format == ??

<<assertion>>
verify crime's
information forma

<<assertion>>
process data volume,

search crimes

< <assertion>
check user and
password

<<assertion>>
verify crime's
information forma

see crime' . .
information share information

$pre-condition$

$post-condition$
== 7?7
#crimes[i].Format == ?? # name &

password == ??#

Figure 67:See crime statistic and share informatibfServiceProcess Detalil.

must be done after the contract veribcation. Figi8eresents the equivalent model generated

by the methodology transformation in th& OD-M environment for the process detailed in
Figure67. Each node debnes the process element and its properties. G8glse presents the
assertions grouped into three contracts that are related with its specibc actions. The contracts
are: seeStatisticsContracseeCrimelnformationContra@nd sharelnformationContractThe
contracts are related with the actisee statisticssee crimes informatioandshare information

respectively.

These models provide an overview of the business processes from the requirements de-
scribed in the -UseCase model. These models also provide a more detailed view of the execu-
tion of business processes and the possible interaction with external services. The description
of this interaction is the result of the rePnement of these modeefviceProcess models)

through the -ServiceComposition model.

5.2.3 ! -ServiceComposition Model

Figures69 and 71 show the! -ServiceComposition models, which represent the service
composition processes of each business service and additional indication of which are members
of the business that execute the action. Actions are derived from service activities, identifying
the set of actions that are necessary for the completion of each service.

The main partition expresses tApplicationexecution External fals¢ that represents the
general process. Actions have the equivalent service relation, which realize the external ser-
vice, such asPolice, Google Mapsor Twitter services. They are expressed by aSBNESS
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v
v

v

v

L;j crimes2.piserviceprocess £3

L,_‘ Resource Set
v u platform:/resource/Transformation-piUseCase2piServiceProcess
> Service Process

< Service Activity crimesinformationActivity
< Initial Node in_node
< Fork Node fk_node

<4 Action search crimes

<4 Action see crime' information
<> Service Activity statisticsActivity

<4 Action see statistics

¥ <> Service Activity shareinformationActivity

< Activity Final Node fn_node
<4 Action share information

< Control Flow cfl

<4 Control Flow cf2

<4 Control Flow cf3

<4 Control Flow cf4

<4 Control Flow cfS

<4 Control Flow cfé

~
{» Contract seeStatisticsContract /

— ITH

Property Value

< Object Flow ofl

4 Assertion verifyData
<4 Assertion crimes|i].Format

<> Contract seeCrimesinformationContract

4 Assertion crimes[i].Format

4> Contract sharelnformationContract \_/‘

4 Assertionname—mMm——— — —— == |

4 Assertion password
<4 Non Functional Attribute privacy

< Non Functional Attribute authenticatio
< Non Functional Attribute capacity
<4 Non Functional Attribute accessability

4 Non Functional Attribute time

Selection| Parent | List| Tree| Table | Tree with Columns

=0

Property

] Properties 83

Action In Exceptional Behaviours
Contract

Incoming

Name

Outgoing

Redefined Element

Value

<> Contract seeCrimesinformationContract
<4 Control Flow cfl

!= search crimes

4 Control Flow cf2

Property

] properties $3

Action In Exceptional Behaviours
Contract

Incoming

Name

Outgoing

Redefined Element

Value

Contract seeStatisticsContract
4 Control Flow cf3
'= see statistics
4 Control Flow cf4

] Properties 83

Property Value

Action 4 Action see statistics
Name U= seeStatisticsContract

] Properties 53

Property Value
Action 4 Action search crimes
Name

'= seeCrimesinformationContract

e

Properties §3

Action 4 Action share information
Name

'= sharelnformationContract

Y =
=] Properties £3
Property Value
AProperty [=PRECONDITION
Description = verify crime's information format
Max Value [=-
Min Value =m
Name '= crimes(i].Format
Type '=Object

[ Properties 23

] properties 53

Property Value Property Value
AProperty  '=PRECONDITION AProperty 1= PRECONDITION
Description = check password Description [=check user
Max Value [=- Max Value [=-
Min Value (=777 Min Value =m
Name '= password Name =name
\ Type = String Type I=String
=] Properties 3
Property Value
Name I'= privacy

Figure 68:Crime statistic and share informatidnServiceComposition Environment.

COLLABORATOR. Both, Figure69 and71 present two external BSINESSCOLLABORATORS

describing the application services that are invoked. TheServiceComposition models rebne

the! -ServiceProcess models, matching action with real service functions that may be executed

by the system application.

For each! -ServiceComposition model, the contracts described in! #&erviceProcess

model are grouped in policies. Figus8 describes theerformancePolicyndreliabilityPolicy

policies, both associated with a service activity and its actions. It is important to highlight that

all policies are applied to the entire actions associated with a service activity, for example, the

performancePolicyeribes the request time for presenting the Google maps. If the time exceeds

5000 milliseconds, the maps call is ignored and only the crime information is presented. The

reliabilityPolicy is associated with crime data veribcation. There are three rules over crime ad-

dress format, types of crime and the period of time in which it happens. The crime presentation
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<<External false>>
Application

h rimes' << rtion>> .

choose crimes assertio search crime
properties verify address

<<assertion>> <<assertion>>
verify types verify period

see crimes'
information

<<assertion>
verify time
request

see map

<<External true>> <<policy>> &
Google Maps $performancePolicy$
%Performance% """“"@
show map
Rule R1{
@POST@

|__{<<policy>>
#serviceResponse.getTime() < 5000# $reliabilityPolicy$
%Reliability%

Police - truel
<<service>> Itrue! .

i } Rule R1{ <<service>>

@ @PRE@ get crime detail

; #addressFormat == ???#

<<External true>>

! abort()! I
} !
Rule R2{ |
@POST@

“““““““““““““““““““ #not(getCrimes(types).length > 5)
--> false#

Ishow(getCrimesIinformation())!
}
Rule R3{
@POST@
#result[i].period < 1800#

!show(getCrimesinformation())!

Figure 69:Crime information! -ServiceComposition.

may obey the pre- and post-condition described in this policy. Fighpresents thé SOD-M
tool description for the model described in Fig&@

Figure71rebnes thé-ServiceProcess model described in Figdifand Figurer2 presents
the! SOD-M tool description for the model described in Figuie This model details the
policies forcrime statisticandshare informatiorservices. The policies asatisticPolicyand

authenticationPolicyrespectively.

These models provide an overview of the external services and its composition from the
actions described in thie-ServiceProcess model. These models also provide a more detailed
view of the system restrictions, applying policies over external services. This model rebPnes
the! -ServiceProcess models detailing the Business Collaborators that are expressed as external
services, and grouping contract into policies.

The result of the transformation of this model to th€ EWSmodel is gives in the listing
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'E Properties 52
Property Value

Edges < Object Flow service_of2
Has Polices < Policy performancePolice
Is Dimension v false
Is External Uk true
Name = Google Maps
Nodes <4 Action showMap

' Properties 52 i
Property Value

Edges < Object Flow service_ofl, Object Flow service_of3
Has Polices < Policy reliabilityPolice
Is Dimension v false
Is External Uk true
Name = Police
Nodes <4 Action searchCrime, Action getCrimeDetail

' [4) crimes1.piservicecomposition 52

[L\’_j Resource Set

N
N\

¥ 4 Composition Service Model
<4 Bussiness Collaborator Application
<4 Bussiness Collaborator Google Maps
< Bussiness Collaborator Police
¥ <> Service Activity search crime
< Initial Node i_node
< Action searchCrime
4 Action choose crimes' property
<4 Action search crime
¥ <> Service Activity see information
<> Activity Final Node f_node
<4 Fork Node fk1_node
<4 Action showMap
<4 Action getCrimeDetail
< Action see map
<4 Action see crimes' information
4 Control Flow cfl
4 Control Flow cf2
4 Control Flow cf3
4 Control Flow cf4
4 Control Flow cf5
< Object Flow of1
< Object Flow of2
<> Object Flow service_ofl
<> Object Flow service_of2
<> Object Flow service_of3
¥ 4 Policy performancePolice
< Rule R1
¥ <4 Policy reliability
4 Rule R1
< Rule R2
< Rule R3
<4 Variable period
<4 Variable type
<4 Variable addressFormat

v @ platform:/resource/Transformation-piUseCas&2piServicgProcess,

/_\

(= Properties 53

Value

Property
Has Polices < Policy performancePolice
Name = search crime

= Properties 53

Property Value
Activity <> Service Activity search crime
Define Polices <4 Policy performancePolice

Incoming < Object Flow service_ofl
Name = searchCrime
Outgoing
Partition < Bussiness Collaborator Police
Redefined Ele
Type L=Ws
' Properties 5%
Property Value
Activity
Define Polices
Incoming <4 Object Flow of1
Name = search crime
Outgoing 4 Control Flow cf2, Object Flow service_ofl
Partition < Bussiness Collaborator Application
Redefined Ele
Type L=A0P

= Properties 5%

Property ~ Close;
Activity Y 4
Incoming <4 Control Flow cf2
Name 1=fk1l_node
Outgoing <4 Control Flow cf3, Control Flow cf4
Partition <4 Bussiness Collaborator Application

Redefined Ele

Selection\ Parent‘ List] Tree‘ Table ] Tree with Columns[

AN

= Properties 53

Property Value
Activity

Define Polices <4 Policy performancePolice

Incoming < Object Flow service_of2

Name = showMap

Outgoing

Partition <4 Bussiness Collaborator Google Maps
Redefined Ele

Type L=Ws

¥

' Properties 53

Property Value
Action <4 Action showMap, Action searchCrime
Name = performancePolice

Type Operation < Bussiness Collaborator Google Maps

' Properties 82
Property Value
Action I=true
Condition serviceResponse.getTime() < 5000
Event PRE
Name R1

Figure 70:Crime information! -ServiceComposition Environment.

5.1and5.2
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<<External false>>
Application

<<assertion>>
verify crime's
information forma

see statistics

<<assertion>>
process data volume

search crimes

<<assertion>
check user and
password

<<assertion>>
verify crime's
information forma

see crime'

. . share information
information

<<External true>>
Twitter

<<Policy>> ) B <<service>>
$authenticationPolicys L. publish message
%Security%

Rule R1{
@PRE@

<<External true>>

Police # name == ?? AND password == ??#

<<service>> <<service>> !token = getToken()! <<service>>
search crimes get crime detail } get crimes'
(R@ulsRFéZ@{ statistics

i
! 1
i

T # crimes[i].Format == ??#

<<policy>> B Itrue! <<policy>> B
$reliabilityPolicy$ } $reliabilityPolicy$

%Reliability% %Reliability%

Rule R1{ Rule R1{

@PRE@ @PRE@

#addressFormat == ??77# #addressFormat == ??7?#

! abort()! ! abort()!

} }

Rule R2{

@POST@

#not(getCrimes(types).length > 5)
--> false#

Ishow(getCrimesinformation())!

Rule R3{
@POST@

#result[il.period < 1800#

Ishow(getCrimesinformation())!

}

Figure 71:Crime statistic and share informatidnServiceComposition.

5.3 Example 3: GesIMED Application

Aiming to perform a qualitative analysis and the validation &D-M methodology, we
present th&esIMED Applicatiof case study.

This example was originally developed i89 for the SOD-M methodology. Here , we
adapt the requirements of the system to include NFR. This system is a management Web system
that processes medical images through the V8&h [The objective is to manage information
about the creation and maintenance of scientibc studies for neuroscience research. The appli-
cation is designed to be used primarily by researchers in neuroscience, such as neurologists,

2If necessary, a detailed description of this case study can be fouB€in [
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=] Properties 83
Property Value
Edges < Control Flow cf1, Control Flow cf2, Control Flow cf3, Control Flow cf4,
Has Polices
Is Dimension [+ false
Is External ivk false
Name != Application
Nodes 4 Action see statistics, Action share information, Action search crimes, /

=] Properties 83
Property Value
Activity < Service Activity crimelnformationActivity
Define Polices 4 Policy reliabilityPolicy
Incoming 4 Control Flow cf$ |
Name i< see crime’ information
Outgoing < Object Flow of1, Object Flow service_of2
Partition < Bussiness Collaborator Application
Redefined Element
Type i=A0P
=] Properties 83 D/
Property Value
Activity <4 Service Activity crimelnformationActivity
Define Polices <4 Policy reliabilityPolicy
Incoming 4 Object Flow service_of2
Name ‘= getCrimeDetail
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Partition <4 Bussiness Collaborator Police
Redefined Element
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[ Properties 83
Property Value
Name 1= service_ofl
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Redefined Element
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Target 4 Action searchCrimes

».
4] crimes2.piservicecom 33 2
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L7 Resource Set
¥ 4 platform:/resource/Transformation-piUsefase2piServiceProcess,
¥ 4 Composition Service Model
4 Bussiness Collaborator Application
< Bussiness Collaborator Police
4 Bussiness Collaborator Twitter
¥ <4 Service Activity crimelnformationActivity
4 Initial Node in_node
4 Fork Node fk_node
4 Action search crimes
< Action see crime' informathegn
4 Action searchCrimes
4 Action getCrimeDetail

—

] Properties 23

Property Value
Edges <4 Object Flow service_of4
Has Polices <4 Policy authenticationPolicy
Is Dimension v false
Is External vk true
Name 1= Twitter
Nodes 4 Action publishMessage

=] Properties 83

¥ < Service Activity statisticsActivity
4 Action see statistics
4 Action getCrimeStatistics

¥ <4 Service Activity shareinformationActivity
4 Activity Final Node fn_node
<4 Action share information
4 Action publishMessage

4 Control Flow cf2

Property Value
Has Polices < Policy reliabilityPolicy
Name {= crimelnformationActivity f
[ Properties 83
Property Value
Activity
Incoming 4 Control Flow cf2
Name i=fk_node
Outgoing 4 Control Flow cf3, Control Flow cf5
Partition < Bussiness Collaborator Application
Redefined Element

<4 Control Flow cf3

4 Control Flow cfl \

4 Control Flow cf4

=] Properties 83

4 Control Flow cfS P property Value
4 Control Flow cf6 Name 1=cfl H
/_\0 Object Flow of1 Partition < Bussiness Collaborator Application %
4 Object Flow service_of1 Redefined Element |
4 Object Flow service_of2 Source 4 Initial Node in_node
<4 Object Flow service_of3 Target <4 Action search crimes
<> Object Flow service_of4
¥ 4 Policy reliabilityPolicy g T - -
& Rule R1 //— =] Properties 83
4 Rule R2 Property Value
4 Rule R3 Action i= show(getCrimesinformation())
¥ 4 Policy authenticationPolicy Condition '= not(getCrimes(types).length > 5) --> false
< Rule R1 Event {=POST
4 Rule R2 Name I=R2
4 Variable name
4 Variable password =) Properties 53
v P:I::ZI:I:;ISIICSPOHCY B broperty Value
<4 Variable addressFormat Action <>_ Action ?ubl‘IShMe‘SSJQE
Name 1= authenticationPolicy

Selection | Parent| List| Tree| Table  Tree with Columns

Type Operation <4 Bussiness Collaborator Twitter

i £ Properties 53

i Property Value

Action 4 Action getCrimeDetail, Action getCrimeStatistics, Action searchCrimes, Action see crime' information

Name [= reliabilityPolicy
Type ( 4 Bussiness Collaborator Police

~\

=] Properties 53

Property Value
Name [!=name
Type [=String

Figure 72:See crime statistic and share informatibrServiceComposition Environment De-

tail.

neuropsychologists and neuroradiologists who conducting research in this area.

The application requirements are the following: (i) a database of medical images that can
be accessed by the user; (ii) it has an interface for querying the database; (iii) implement stan-
dard procedures for analyzing and processing stored images; and (iv) the images analysis and

processing results must be also stored, so they can be used in future studies.

The Medical Image Analysis Laboratory from the Universidad Rey Juan Carlos (LAIM)
offers three specibc services to researchers in neuroscience. The access to services has a cost

and Pnancial revenues are assigned to LAIM. The services are:

¥ Storage and retrieval medical imaging service (SACim);

¥ Image processing service (SPim);
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Listing 5.1 pi-PEWS Specibcation: Crime information.

ns police = "http :\\ww.pm.rn.gov.br/service"
2 ns googleMaps = "http://maps.googleapis.com/maps/api/"

4 alias chooseCrimesProperties = portType/chooseCrimesProperties in police
5 alias searchCrimes = portType/searchCrimes in police
6 alias seeMap = portType/showMap in googleMaps

7 alias seeCrimesinformation = portType/getCrimeDetail in police

9 (chooseCrimesProperties . searchCrimes) seeMap . seeCrimesinformation

11 def contract searchCrimesContract{
12 isAppliedTo: searchCrimes;

13 requires: addressFormat == ??

14 (onFailureDo: call(chooseCrimesProperties) );

15 ensures : !(getCrimes(types).length > 5) ==> false &&
16 result[i]. period < 1800

17 (onFailureDo: show(getCrimesinformation ()));

18 }

20 def contract showMapContract{
21 isAppliedTo: seeMap;

22 ensures : serviceResponse.getTime() < 5000
23 (onFailureDo: skip);
24 }

Listing 5.2 pi-PEWS Specibcation: Crime statistic and share information.

1 ns police = "http:\\www.pm.rn.gov.br/service"
2 ns twitter = "https://dev.twitter.com/docs/api/"

5 alias searchCrimes = portType/searchCrimes in police

7 alias seeCrimesinformation = portType/getCrimeDetail in police
4 alias seeStatistics = portType/getCrimeStatistics in police

6 alias sharelnformation = portType/publishMessage in twitter

9 searchCrimes . ((seeCrimesinformation . sharelnformation) |
10 seeStatistics)

12 def contract searchCrimesContract{
13 isAppliedTo: searchCrimes;
14 requires: addressFormat == ??

15 (onFailureDo: call(chooseCrimesProperties) );

16 ensures : !(getCrimes(types).length > 5) ==> false &&
17 result[i]. period < 1800

18 (onFailureDo: show(getCrimesinformation ()));

19

21 def contract sharelnformationContract{
22 isAppliedTo: sharelnformation;

23 requires: name == ?? AND password == ?? &&
24 crimes[i].Format == ??

25 (onFailureDo: call(sharelnformation) );
26

28 def contract seeStatisticsContract{
29 isAppliedTo: seeStatistics;

30 requires: crimes[i].Format == ??
31 (onFailureDo: call(seeStatistics) );
32

¥ Image visualization service (SVim);

From the functions offered by these services we will detail the application characteristics.
The application uses these services offered by LAIM for modeling the application.

Given the description of the business requirements and the expected functionality of the
system] SOD-M is used for developing this application.

We will detail theperform image processingusiness service. INSOD-M, the! -UseCase
model describes the application functions, restrictions and its non-functional attributes. This
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business servicgpérform image processifgs sufbciently rich to describe the peculiarities of
I SOD-M compared to the original model of SOD-M.

5.3.1 | -UseCaséModel

Figure73 shows thd -UseCasenodel. This model debnes four constrairgathenticate,

response time, data formandvalidate payment catdThese constraints are restrictions over
the functions of th&sesIMEDapplication. In the description of each constraint it is necessary
to describe the constraint typkusines®r valug. The model has one business constraint and
three value constraints. It is possible to describe constraints for each use case application.

$perform processing$ - The system must
to perform the process of provide an image.

LAIM
#security and reliability# - It needs

security of users’ data and
reliability images processed

%perform image processing%

LAIM.SAC

lauthentication! - the user may

have the informations preserve d.
DESCRIPTION - The user must provide
a @id and @passwort d.

<<constraint>>
<<value>>
authenticate

neuroscience researcher

Itime co aint! u:
restriction of time for response.

DESCRIPTION - the user need a
response in 5 seconds.

image be processed t!
download the result.

<<constraint>>
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7> Rttt <<value>>
validate payment card
Seo T

<. <<include>>

$perform processings - After th
user may|

#availability and reliability# -
The results should always
be available for download.

9%perform image processing%

LAIM.Payment ‘

$perform processint 9% -
The system must perform the

‘
\ -
payment to provide an image 1| tprivacy! - the user may

| |have the privacy informations

#security# - The system must | |preserved.

to provide security connection

I
for payment. | |DESCRIPTION - It needs the

| |@card_name, @user_name and @valuj
| [so that the payment is made.
I

%payment%

Iresource! - restriction on image
data format.

DESCRIPTION - the @image must
be a ".png” or ".pdf".

Figure 73:! -UseCase: Perform Image Processing.

Besides the constraints, the model details the non-functional attributes related to each con-
straint, for example, theesponse timeonstraint. For value constraints, it is necessary identify
candidates variables to be veribed, through the ug@.dfor example, the authentication con-
straint, has thé@id and @passworddentibers that must be veriped.

$pre-condition$

#id == 7?7 &&
password == ?7#

I
<<assertion>>
authenticate

<<assertion>>
verify payment data
and value

proceed service payments)
<<assertion>>
payment confirmation
|

provide images

<<assertion>>
image data format,
|

I I I

$pre-condition$ $post-condition$ $post-condition$
#card_name == 77 & # isPaid == true # #imageExtension == ".png' ||
user_name == ?7? && i ension == ".pdf' #
value == 77 #

perform processing

$pre-condition$

,,,,,,,,,,, <<assertion>>
#results <=2 # verify data format,

// 2MB

get results

download results

<<assertion>>
response time

$post-condition$

#responseTime <=5 #

Figure 74:! -ServiceProcess: Perform Image Processing.
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The main feature of our approach is the association of non-functional requirements with
use cases. For example, the user can identify that the quality requirement related to a payment
process idransactionalor data privacy So, through the process, it is possible to rePne this
information, considering other details provided.

The result of the -UseCasamodel is a detailed list of constraints, its respective use case,
system requirement information and non-functional attributes required for each service.

5.3.2 | -ServiceProcesModel

Figure 74 shows thel -ServiceProcesmodel. This model transforms the use cases into
actions, and constraints into assertions. The resulting work3ow describes pre or post-conditions
on workRBow execution. The assertions are wrappers around the action. All the assertions related
to a specibc action become a contract. For examplgrtieeed payments servieetion has a
pre- and a post-condition. The pre-condition is a restriction over the payment informardn (
number, namandvalue), while the post-condition debnes the bnal state after the payment. The
other assertions of this model are the result of the transformation of each constraint described
in the! -UseCaseanodel.

<<Application | false>>

download results

authenticate proceed service payments provide images perform processing ) @sults

<<LAIM | true>>

[<<Policy>> B
<<Policy>>

<<service>> ; 5 '
verify user id Sssenvices> <s<service>> $performancePolicy$
and password - "\ payment venfy:xecutlon __ |% Performance %
" ime
' : Rule R1{
N @PRE@

responseTime > 5#

<<Policy>>

SAC $securityPolicy$
<<SACim | true>> |o ity 9
| % Security % IcallService(getResults)! | - _________

Rule R1{ T T <<service>> 1
@PRE@ receive image verify image :ormat
#id =77 && password == ?77# and result Z<service>>
[ ' download files
!Scope.httpRequest.Credentials = | '
newNetworkCredential(id,password)! ) i
} Rule R2{ ' '
<<SPim | true>> |@PRE@ ! —
#card_name =77 && user_name == 77 | <<Policy>>
&& value == 77#

1
1
|

i <<service>> sreliabilityPolicy$ i

! Scope.httpRequest.Payment = ) process data ) - - - {% Reliability %~ [TTTTotToossosssosssoososooosoooosoooos

newNetworkPay(card_name, user_name, |

value) ! | Rule R1{

}Ruler3s¢. 0 FTTTTmmmommmoommoooes @POST@
@POST@ #im ension == ".png' ||
#isPaid == true# imageExtension == '.pdf'#
!callService(providelmage) ! IcallService(getResults)!
} } Rule R2{

@POST@

# results > 2#

tabortProcess()!

Figure 75:! -ServiceComposition: Perform Image Processing.
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Listing 5.3 pi-PEWS Specibcation: Perform Image Processing.

1 ns app = "http :\\www. neuro.laim.org"

2 ns LAIM = "http :\\ww. neuro.laim.org/laimservice . wsdl"
3 ns SACim = "http :\\ww. neuro.laim.org/saciservice .wsdl"
4 ns SPim = "http :\\www. neuro.laim.org/spiservice .wsdl"

6 alias authenticate = portType/verifyUserandPassword in LAIM
7 alias proceedServicePayment = portType/payment in LAIM
8 alias providelmage = portType/providelmage in app

9 alias receivelmage = portType/receivelmage in SACim

10 alias processData = portType/processData in SPim

11 alias verifylmageFormatAndResult = portType/verifylmageFormatAndResult in
12 SACim alias getResults = portType/verifyExecutionTipe in LAIM

13 alias downloadResults = portType/downloadFiles in SACim

15 service performProcessing =
16 receivelmage . processData . verifylmageFormatAndResult

18 authenticate . proceedServicePayment . providelmage .
19 performProcessing . [act(getResults).time > 5]getResults .
20 {downloadResults}

21 def contract authenticateContract{
22 isAppliedTo: authenticate;

23 requires: id == ?? & password = ?7?;
24 (onFailureDo: call(authenticate) )
25 }

27 def contract paymentContract{
28 isAppliedTo: proceedServicePayment;
29 requires: card_name =?? &&

30 user_name == ?? &%
31 value == ?7?;

32 ensures : isPaid == true ;

33

35 def contract performProcessingContract{

36 isAppliedTo: performProcessing;

37 requires: imageExtension == O.pngO® || imageExtension == O.pdf0
38 (onFailureDo: skip );

39 ensures : resultValue <= 2 ;

40 }

5.3.3 ! -ServiceCompositiotModel

The ! -ServiceCompositioomodel presented in bgurés rebPnes the -ServiceProcess
model. This model describes the real services and their associated collaborators. The infor-
mation of the business collaborator comes from the package description. Contracts with the
same non-functional requirements become service policies. The policies debPne rules, which
are a direct transformation of the assertions in the previous model.

Listing 5.3 shows the!-PEWS specibcation that was generated from the
ServiceCompositiomodel. This specibcation considers the operations (lines 6-16), its busi-
ness collaborators (namespaces in the lines 1-4), the main workf3ow (lines 18-20) and services
restrictions (described as contracts in the lines 21-40). The Pnal result of our approach is the
specibcation that describes the structure and sequence of execution to be performed by an or-
chestrator.! -PEWSspecibcation debnes a set of contracts to represent the application restric-
tions. Thus, using SOD-M it is possible to rebPne the models until the code generation.
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5.4 Lessons Learned

This section summarizes the experience we obtained after the uS©®-M for the three
examples . In this section we also present some results collected from the evaluation made
%0%obetween the two approaches.

5.4.1 Example 1: To Publish Music

In this case study we can see that the restrictions on web services can be modeled from the
early stages of development, not leaving it to the programming language, or to the programmer
to resolve this type of problem. More specibcally, this case study had restripgdiasmance
andsecurity Since thd -UseCasanodel to the -ServiceCompositiomodel, non-functional
requirements and their attributes might be described without serious impact on the modeling of
other application requirements.

The restrictions on the functions provided by S@otifyservice was basicallyerformance
This type of restriction is not easy to represent in the implementation, because it relies on the
network available to the user. We described the constraints and rebned thenpérforanance
policy for updating the music. The security restrictions have been described for the service that
provides banking information. The security policy generated was described for two functions of
the Bank servicgpayandsend conbrmatiofunctions. This type of specibcation can be rebned
incrementally by applying the modelling steps debned by ®5@D-M methodology.

It does not cover all the possible restrictions in an application but it shows that it is possible
to guarantee quality requirements rebning information at each iteration of the modeling, such
as constraints gberformanceandsecurity

The difPculty in modeling this example was the debnition of policies for each type of
non-functional requirement. For example, tit¢pAuthPolicypolicy for the authentication on
Facebook service has restrictions from both typesformanceandsecurity

5.4.2 Example 2: Crime Map

The most important process when designing a system is the requirement analysis process,
especially identifying the non-functional requirements and the system restrictions. In order to
ease the coding process and let the developer focus on technical issues, the system architecture
must be automatically generated, from the system design.
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Using! SOD-M has enabled the explicit specibcation of functional and non-functional re-
quirements and their rebnement along the different phases of the development process.

In this example we can see the restrictions on four web servlage, Google Maps,
Twitter andPostservice. As these services are independent, the constraints of the application
being developed must comply with the service APIs. If a restriction is inconsistent with a
function, there is no guarantee that it will be respected. For example, if the police offers crimes
information on a particular region by type or day, it is not possible to present the restrictions of
a particular time of day, for example, crimes that happen in the afternoon.

This example has tweeliability policies and onesecuritypolicy. Policies on data are
common, because they are restrictions on the service interface. We notice in the development
of this example that function restrictions, especially the execution time and time response are
more difbcult to ensure.

5.4.3 Example 3: GesIMED

The ! SOD-M methodology helps to debPne a detailed description of the application, its
restrictions and non-functional requirements associated with each service. The rePnement of the
quality requirements of each level helps to improve the development detail in order to produce a
more reliable application. The NFRs are not only described in a general way, but the restrictions
are designed to each service individually.

Considering the modeling of this example in SOD-M, the brst step of the is to list the global
requirements (business case). Figdfeshows the use case model for the application. This
model is very simple and describes the main application requirements. The actor is represented
as the Oneuroscience researcherO, which is the Pnal consumer of the services to be implemented
Furthermore, the model is represented as use cases, which describes the main system business
services: Operform image proces3thgOperform image viewO and Operform queryO.

The next model is the the extended use cases model. This model is used to model the func-
tionality required by the system to perform each business services. Business services described
in the previous model, become more detailed in the extended use case model. In this model are
described both the applicationOs features such as the possible services to be performed. Figure
77 presents the extended use case modegbéoform image processingusiness service. This
model is detailed in 6 use cases that are necessary for the image processing. The use cases are:

3During our analysis, we will detail theerform image processingquirement, as a way to better understand
the particularities of both methods.
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perform image processing

neuroscience researcher

perform query

perform image views

Figure 76: Use Case Mode39).

(i) perform image processing; (ii) proceed with the service payment; (iii) provide images; (iv)

authenticate; (v) get results; and (vi) download results.

authenticate
, <<include>>_7

. 1
<<include>> e

-------- proceed with the service payment

<<extend>>

neuroscience researcher download results

Figure 77 Extended Use Case Mod&d].

Once identibed the different functionalities that are required by the system to perform busi-
ness services, the service process model is used to represent the workl3ow necessary to perform
a business service. SOD-M represents each business service in different diagrams, which are
shown in the following Pgures. Figui®, for the business servicgg®rform image processiny
The activities represented in these bPgures are derived from the basic use cases represented in

the model extended use case.

download results

authenticate proceed service payments perform processing get results/ O

Figure 78: Image Processing - Service Process Diag8&n [
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The service composition models represent the processes of composition of the various ac-
tions that are necessary to perform each business service, detailing which business collaborator
performing each action.

LAIM (SW1) <<WS>>
validate credit card
—
payment record
images criteria

SACim
<<WS>>
receive images,
<<WS>>
obtain images

images images result

select images

present results

define search criteria

SPim

L >/ <<wm7
. perform image processing, \©

Figure 79: Image Processing - Service Composition Diag&gh [

Figure 79 present the details of the services composition for the business service we are
modelling. It is important to realize that the service processes described previously, are rebned
by the execution of these service. Notice that SOD-M creates a workRow for each business
service, independently. This work3ow is a sequence of services that can be run considering the
system features. Figuré presents that the work3ow uses the services offered by LAIM to
perform each function, according the SACim, SPim and SVim services. It is also important to
note that the external application services are marked with the sterepWsé

The result of applying the SOD-M method is a detailed service composition model from
the business use case, in our speciPc caseguiéolm image processidybusiness service.

5.5 Measurement and Evaluation of the SOD-M Methodol-
ogy

Based on 17], the measurement and evaluation process requires a mechanism for deter-
mining what data is to be collected; why it is to be collected; and how the collected data is to be
interpreted. The purpose of the measurement and evaluation 3ows from the needs of the orga-
nization; the need to better understand resource utilization in order to improve cost estimation;
or the need to evaluate the benepts, advantages and drawbacks of a research project.

The data collection process itself requires a basic paradigm that traces the goals of the
collected process.e. the reasons the data are being collectédd, $3] describe that the need
for information must be quantiped whenever possible and the quantibcation analyzed as to



5.5 Measurement and Evaluation of th§OD-M Methodology 159

whether or not it satispes the needs. This quantibcation of the goals should then be mapped into
a set of data that can be collected.

Each evaluatiomgoal generates a set of questions that attempt to debPne and quantify the
specibc goal which is at the root of its goal tree. gbalis only as well debPned as tlg@iestion
that it generates. Eacjuestiongenerates a set afietricsor distributions of data

The paradigm proposed b% 1] debnes a set of six steps to the data collection:

1. Generate a set of goals;
2. Derive a set of questions of interest or hypotheses which quantify those goals;

3. Develop a set of data metrics and distributions which provide the information needed to
answer the question of interest;

4. Debne a mechanism for collecting the data;
5. Perform a evaluation of the data;

6. Analyze the data collected to answer the question posed.

Aiming to collect data that help in an initial analysis of our methodology through three
examples described in this chapter, we will use the approach proposed by B ¢xtract
these data and analyze if the goals of our proposal have been achieved and how it is possible
improve the! SOD-M methodology.

Generate a set of goals: First we present the goals we have, when we intend to measurement
and evaluate theSOD-M methodology. The goals are:

1. Verify if the identibcation of non-functional requirements at initial levels of development
improves the modeling of reliable web services.

2. Verify how to rebPne application constraints into specibcation code, and if it improves the
software quality.

3. Verify if it is possible to reuse code generated for requirements non-functional.

4. Verify how the non-functional requirements are specibed in the methodology.
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Table 8:! SOD-MOs Goals and Questions

Goals Questions

1. Verify if the identibcation of non-functional| 1. What are the levels of modeling
requirements at initial levels of development | presented in the methodology?
improves the modeling of reliable web servicegsnd how the NFRs are modelled?

2. What is the goal of each modeling level?

3. Which kind of artifact is generated at
each level of development?

2. Verify how to rebne application constraints 1. What kind of modelling approach
into specibcation code, and if it improves is used in the methodology?

the software quality.

2. How are modeled the non-functional
requirements?

3. Verify if it is possible to reuse code 1. Which level of development the code
generated for requirements non-functional. | is generated? and what kind of

code is generated?

3. The code is generated automatically

or manual?
4. Verify how the non-functional requirements 1. How are classibed the non-functional
are specibed in the methodology. requirements?

Set of questions of interest which quantify the goals: Following the approach proposed in
Basili [17], the questions are related to each goal. T&8gbeesent the questions related to the
goals of thd SOD-M evaluation analysis.

Set of data metrics and distributions:  Still following the approach proposed by Basilif],

we identify metrics with the objective of quantify the questions in order to generate data that
can be analyzed and evaluated in order to verify that the goals of the evaluation were satisbed,
or not. The metrics are listed by goal/question (for example #1.2. This metric is relajedlto

1, andquestion? previously identiPed). The statements for measure the data are shown in table
0.

Collecting the data:  After the development of metrics and the types of data to be collected,
the extraction was performed considering the modeling stepSQMD-M for each case study
presented in this chapter. Taldlé presents the results of the data collection.
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Table 9:! SOD-MOs Metrics/Distributions

Goal/Question | Metrics/Distributions
#1.1 1. How many levels the methodology debPnes?
2. How many models are generated at each level?
#1.2 1. How many restrictions were modeled (by level)?
#1.3 1. How many artifacts were generated (by level)?
#2.1 1. How long (in days) was spent for the modeling
of each case study?
#2.2 1. How many RNFs were modeled using the approa
#3.1 1. How many lines of code were generated for
specify the non-functional requirement identiped?
#3.2 1. What is the total of line of code generated?
#4.1 1. How many types of non-functional requirements
were identibed?
2. Which non-functional requirements
were identibed?

Table 10: Results: SOD-MOs Metrics/Distributions

! SOD-M
Metrics/Distributions| Example 1 | Example 2 | Example 3

#1.1.1 4 4 4
#1.1.2 1-1-1-1 2-2-2-2 3-1-1-1
#1.2.1 5c¢-8a-6r-2co 7c-9a-7r-5co 4c-6a-6r-3co
#1.3.1 1 1 1
#2.1.1 8 10 5
#2.2.1 2 3 3
#3.1.1 9 37 20
#3.2.1 29 56 40
#4.1.1 2 3 3

Evaluation of the data:

ch?

Tables9 and 10 present the questions and data generated from

the evaluation of each example. All examples were modeled in accordance with the proposed

methodology and yielded the following results.

The methodology debnes 4 levels of modeli#gd.(L.), however the case studies gener-

ated a different number of models-UseCase! -ServiceProcess,-ServiceComposition é-

PEWS). InExample lwas generated 1 model of each typeExample 2wvere generated two

models of each type, and Example 3wvere generated B-UseCase models and 1 referring to

the others#1.1.9. We found that this variation has no involvement with the identibcation of

the number of non-functional requirements.

Regarding the types of restrictions modeled at each level, we Pnd that the number con-

straints identibPed implies an increase in the number of lines of code EXa&mmple 1set bve
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constraintsn the! -UseCase model, &sertionsn the! -ServiceProcess modelf6élesin the

I -ServiceComposition model andc@ntractsin the! -PEWS model%c-8a-6r-2Cd*). This ex-
ample generated 29 lines of code specibcation. HoweveExample Zoresents the following
data7c-9a-7r-5cq generating 56 lines of specibcation code. It was observed that the number
of restriction increases the number of lines specibcation EKaenple Joresents the following
data,4c-6a-6r-3cq generating 40 code lines specibcati#h.@.1 #3.1.1and#3.2.]).

According to the data analysis, we also found that the number of lines of code for the
debnition of contracts increase according to the numbers of rules identib2dl).

The number of days spent for modeling also varied according to the number of constraints.
Thus, the time spent with identibpcation and modeling of the constraints implies a greater number
of days of developmenExample 2vas modeled in 10 day#2.1.1) and this example showed
a greater number of restrictions and non-functional requirements. We assume that if these
restrictions were not modeled since the initial stages, the time spent on maintenance could
be higher.Example 3had the fewest number of restrictions, and therefore took less time to be
modeled. Thus the number of non-functional requirements of an application implies the time
spent for the project development usin§OD-M #2.2.1and#4.1.)).

Conclusions: We conclude that the identibcation of NFRs in initial levels of modelling helps

the development of services, mainly because the restrictions can be rePned and transformed into
code specibcation. This favors the prior identibcation of errors, and help in the classibcation of
the non-functional requirements.

Classify restrictions as constraints, then rebne this concept into assertions, and then group
it into policy improves identifying types of non-functional requirements, providing reusability
of services and better use of the code specibcation.

We also found that the use of the method provides identibcation of different types of NFRs.
These requirements are translated into contracts and can be checked at runtime. We can see
that the number of lines of code generated for each type of non-functional requirement does not
have a regular variation, and it does not generates apparent side effects.

5.5.1 Comparison of the SOD-M and SOD-M approaches

We also perform a comparative analysis betweS®D-M and SOD-M, considering other
aspects. Tabld1 presents the data related with the three examples used fdrSG®-M

45¢ = 5 constraints, assertions 8th = 8; 6r = 6 rules; 2Co contracts = 2
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Table 11: Comparison: SOD-M ahn&OD-M

SOD-M 1 SOD-M
Ex. 1[Ex. 2| Ex. 3| Ex. 1| Ex. 2| Ex. 3

Use Case 9 8 5 13 14 9
Action 7 7 5 15 12 11
Business 4 3 3 4 3 3
Collaborator
NFRs| - - - 2 3 3
modelled
Lines| 20 19 20 29 56 40
of Code
Transformations 2 2 2 3 3 3

evaluation: (i) To Publish Music exampl&X. 1), (ii) Crime Map exampleEx. 2, and (iii)
GesIMED exampleEx. 3. The result rel3ects the difference between the two approaches
(SOD-M and SOD-M) with the intention of verifying how SOD-M can improve the modeling
process of service-oriented applications in the presence of non-functional requirements.

The aspects analyzed and presented in tablare: (i) the number of use cases required
for modeling both, the restrictions and requirements of the application, (ii) how many actions
are required for the representation of the business process, (iii) how many business collabora-
tors are needed to the complete execution of the workRow, (iv) the number of non-functional
requirements that were identiPed during the modeling of the application, (v) how many lines of
code were generated from the service composition model of each example, and (vi) how many
model transformations held throughout the development process.

Considering the number of use cases for modeling the examples presented in this chapter,
the models from thé SOD-M approach present more use cases then the models in SOD-M, be-
cause using SOD-M it is possible to model the restrictions of the application through stereo-
typed use casesdnstrain). Due to this reason, example 1 has 9 use cases using SOD-M,
while using! SOD-M, the model has 13 use cases. The difference (4 use cases) between both
approaches represents the amount of restrictions that have been identibed at this level through
the! -UseCase model. In example 2, it has 8 use cases using SOD-M while! BDD-M it
has 13 use cases. A difference of 5 use cases. In the third example, it presents 5 use cases using
SOD-M, and 9 cases throudlSOD-M.! SOD-M presents a greater number of use cases be-
cause this model also represent the constraints of the application, even in the most abstract level.
We found that in spite of a relatively greater effort modelih§OD-M describes functional and
non-functional aspects, while SOD-M models only functional aspects.

In relation to the number of actions, th&OD-M approach provides a larger number, be-
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cause it needs to describe pre- and post-conditions for the services. The larger number of actions
in ! SOD-M favors the veribcation of restrictions during the execution of the work3ow. These
actions are the result of a model transformation. The use cases markezbnstinaintstereo-

type are transformed into actions with tagsertionstereotype. It is important to realize in the

table that in the Prst example, the number of action ranges from 7 to 15, the second 7 to 12 and
in the third example ranges from 5 to 11. The constraint checking through assertions favors the
representation of non-functional requirements necessary for the workf3ow execution.

Considering the number &@usiness Collaboratorthis value does not suffer any variation
between both approaches, because of the services to be performed in the 3 examples in both
approaches are the same. Although the number of use cases and actions vary, it does not imply
the variation of the amount of external servicBsiginess Collaboratgrrequired for execute
the application.

Since the goal of SOD-M andSOD-M approaches are different, analyze the number of
non-functional requirements modelled is not comparable, however points to an evolution and
improvement of the SOD-M approach. Using SOD-M, it is not possible to identify any non-
functional requirement during the modeling. However, usigs@D-M, it is possible to model
different non-functional requirements and rebne them. From this point of view, both approaches
are not comparable because they have different focus of development, otherwise the proposal
presented in SOD-M adds reasonable value considering the modeling of non-functional re-
quirements for service-oriented applications.

Regarding the specibcation code for each example, we analyzed the difference of lines of
code { -PEWS language) generated in both approaches. SOD-M only considers the specibca-
tion of functional aspects, andSOD-M consider both aspects, functional and non-functional,
thereby we compare the-PEWS specibcation for each example, considering the generation
of the workBow (SOD-M) and the generation of contra¢tSQD-M). The number of lines of
specibcation grows ihSOD-M due to the fact that this approach generates contracts which
debnes pre- and post-conditions for the services. The growth depends on the number of con-
straints identiPed during the modeling. There is no standard concerning the difference in terms
of the number of lines generated. For example, in the brst example the difference between the
approaches is 9 lines of code, while in the second example the difference is 37 lines. In the
example 3 the difference is 20 lines of code, where 20 lines were generated using the SOD-M
approach and 40 lines usingsOD-M. We can conclude is that the number of non-functional
requirements modeled implies a greater number of lines of specibcation code, to realize the
examples 2 and 3, both has three non-functional requirements and it implied a larger number of
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lines in! -PEWS specibcation, 56 e 40 respectively.

Another factor to be considered is the number of transformations in each approach. In the
modeling of all the examples in SOD-M were performed two transformations at PIM level,
whereas in the modeling of the examples udisPD-M were performed three transformation,

2 in the PIM level and 1 on PSM level. The larger number of transformatiohsSiaD-M
represents a step of rebnement and the generation of code for a specibc platform.

Despite the numbers presented in tableshow that there is a larger effort in the use of
the! SOD-M methodology, compared with SOD-M, this is due to the fact that non-functional
requirements and restrictions on services are made from the most abstract levels of model-
ing. This favors the early identibcation of system restrictions and improves the rebnement of
transversal aspects and constraints of the application! $@D-M methodology adds reason-
able value and new concepts regarding SOD-M, improving and facilitating the description of
quality requirements for service-oriented applications.

5.6 Conclusions

This chapter presented the use of tHeOD-M methodology, as a form of empirical val-
idation. We described, modeled and implemented three example of application development
to use concepts, model properties and detail the process development. The methodology and
its concepts supported the development of applications that use service compositions, mainly
in the identibcation and rebPnement of quality requirements. The Us8@D-M and its envi-
ronment can help to identify the non-functional requirements and improve the system modeling
and specibcation process.

We conducted, in this chapter, two types of evaluations, the brst followed the proposal
based on Basili]7] for data evaluation. And the second was a comparison betiv8&D-M
and SOD-M, considering different aspects.

The development of applications by using SOD-M favors and improves the modelling of
services in more abstract levels of development and help to identify non-functional requirements
related with each of these services.

The transformations of models enables the semi-automatic development of applications.
Owing to the generation of the system specibcation code from the service composition model,
the designer and developer can focus on the description and detail of functional and non-
functional requirements. The generated code contains the expression of the interaction with
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services and their associated namespaces. This specibcation can be executed after the model
transformation.

As the process is iterative and incremental, after the generation of each model it is possible
to make adjustments to the generated model. For example, afterlilseCase model design
and the generation éf-ServiceProcess model, the designer can make adjustments and improve
the model so that it becomes more expressive.



167

6 Conclusions

Nowadays , access to software, hardware and network resources is done more and more
through services. From this point of view, building applications consists in composing services
according to a set given requirements. In order to ensure a desired level of quality, applications
must comply to specibed requirements and reliability properties. Ensuring these properties for
applications composed by heterogeneous services provided under different conditions is not an
easy task and imposes challenges for systems developers.

Non-functional requirements are related to business rules associated to the general seman-
tics of the application. In the case of service-based applications, they also concern the compli-
ance constraints imposed by the services. Having such business rules associated to the com-
pound service can help to ensure that the resulting application fulblls requirements of the user.

The main goal of this work was to provide tools for helping the development of reliable
service-based applications. Our work targets the specibcation and programming web applica-
tion, including non-functional aspects (i.e., atomicity, security, exception handling, persistence).
In contrast to approaches such as WS36|[ our work specibegpoliciesfor service composi-
tions in an orthogonal way,e separating the specibcation of non-functional requirements from
the main functionalities of the application. The use of the WS-* standards suppose that non-
functional requirements are implemented according to the knowledge that a programmer has of
a specibc application requirements, without deriving them in a methodological way, thus lead-
ing to ad-hocsolutions that can be difbcult to reuse. In our approach, once debned policies for
a given application, they can be reused and/or specialized for another application with similar
requirements.

Our work also enables the modeling of non-functional properties and their associated recov-
ery actions and the way they are associated to a service composition expressed as a work3ow.
In the modeling phase of our methodology, non-functional properties are seen as business rules
and constraints (e.g. privacy requirements with respect to data used within the process, temporal
constraints on the communication with a service) specibed semi-formally. These requirements
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are part of a business process specibcation (e.g., online purchase process). Along the phases of
the methodology these business rules and constraints are modeled using more concrete concepts
that lead to their implementation in executable code.

In general, existing approaches dealing with non-functional requirements in the distributed
systems, the database and the software engineering domains, suppose a good knowledge of the
programmer who is in charge of implementing and running the non-functional services accord-
ing to given application requirements. Our work benebpts from these previous results in order to
provide a software oriented methodology that can include in the different development phases
the specibcation of non-functional properties, their modeling and implementation. Thereby,
our methodology provides meta-concepts that can be specialized for modelling different non-
functional properties (security, atomicity, exceptions, persistency) and associated to a service
composition.

6.1 Main Contributions

This thesis presented a methodology for specifying and designing reliable service-based ap-
plications. Our proposal deals with functional and non-functional requirements separately. We
model and associate policies that represent both systemsO cross-cutting aspects and constraints
stemming from the component services.

I SOD-M is proposed for the development of service-oriented applications, helping to en-
sure quality requirements. This work also proposes a categorization of concepts for the mod-
eling and rePnement of non-functional propertieg,. constraint, contract, assertion, policy,
rules, non-functional requiremeandnon-functional attribute

We evaluate the methodology by means of three case studies, showing that the devel-
opment process based b&OD-M produces satisfactory results with respect to the modeling
and rebPnement of quality requirements. We can conclude that grouping contracts with non-
functional properties into a single policy, produces a more effective result in the generation of
the specibcation, and therefore in the veribcation of these properties.

Another contribution of our proposal is the integration of the methodology concepts in a
MDA-based development.SOD-M is a method that proposes meta-models at different levels
(CIM, PIM and PSM) and extending the PSM meta-modéISOD-M is aimed at the design
and development of reusable service-based applications.

A set of transformations at the different levels are also proposed in our methodology. These
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transformations rePne the models from an abstract representation of requirements into program-
ming code.

We extended the PEWS languad®¥ (into ! -PEWS) to add contracts specibcation and
temporal modeling restrictions for services.

We provide a platform to give support to our methodology. TB®D-M environment is
implemented by a set of Eclipse plugins. All the transformation debned in our methodology
are supported by the implementation. Our tool performs static veribcation in order to check the
existence of the functions of the services of the compositiod][

6.2 Future Work

This thesis proposes a comprehensive methodology that can offer a range of possibilities for
extension in future work. Future work is organized inadidation developmenandresearch
tasks

Considering the evaluation and validation of the proposed methodology the future work
should address a more detail evaluation 80D-M methodology in order to perform a more
gquantitative analysis. This will require compare the generated code and implementation speci-
pcations with different languages, and this language can be added to meta-models structure in
the PSM level. Thus, the methodology will generate executable code for different languages%o%o.
This will requires adjustments meta-model with the PIM level.

Describe software product lines related with reliable services applications that could be
generated from the use bSOD-M may also be considered as future work. As well as, analyze
the variability of non-functional requirements proposed I3OD-M.

Considering the development area, the future work should address the improvement of the
development environment that support the methodology, with visual tools and with execution
environment, running in different platforms. This will provide a more usable environment.
Another aspect to be considered is the development dftAEWS environment (back-end) to
execute the specibcation generated by the methodology.

Finally, considering research tasks, future work should address the formalization of the
methodology transformation rules at different levels. Another aspect to be added to the method-
ology is the dePnition of new meta-models in the CIM level to represent business and system
requirements, despite the original proposal offeralueandBPMN models. It would be impor-
tant to do a more thorough search in regarding these requirements to represent the independent
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level computing.
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APPENDIX A - Source Selection and Analysis
Method: Non-Functional
Requirements for Service-Based
Applications

We selected the sources proposed 6] for searching primary studies. These sources
contain the works published in journals, conferences and workshops which are of recognized
quality within the research community. The search for bibliography was performed in the en-
gines are(i) IEEE Computer; (i) ACM Digital Library;and (iii) Science Direct For each of
the the selected sources, we used the following search query criteria:

(((“non functional properties”) OR (“non functional

requirements”)) AND “web service” AND “composition”))

After debne the sourcesO selection, we identify those works that provided direct evidence
with regard to the research questions. Deciding for the inclusion and exclusion criteria for plter-
ing the corpus works selection, we selected those related to non-functional requirements/prop-
erties, and quality for web service based applications. Initially, the selection criteria were inter-
preted liberally and clear exclusions were only made with regard to title, abstract and introduc-
tion.

Based on the guidelines mentioned 2], we established a three-step with different selec-
tion criteria:

¥ Step 1 - the search string must be run on the selected search engine. An initial set of
studies was obtained by bltering of title, abstract, and if necessary, introduction. All the
studies were selected according to the inclusion and exclusion criteria. Studies which
were not clearly related to any aspect of the research questions were excluded.
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| IEEE Explorer| ACM Library | Science Direc{  Total

Total results 65 271 (75%) 166 502 (3067)
Step one - results selected 19 10 20 49
Step one - results selected (%) 29.23% 13.33% 12% 16%
Step two - results selected 7 3 9 19
Step two - results selected (%) 10.76% 4% 5.42% 6.20%

Table 12: Summary of the studies selected at each step.

¥ Step 2, the exclusion criteria were based on the following practical issues: non-English
papers, non- International Conference papers and non-International Workshop papers.
Specibcally in the case of ACM library, we considered only the transaction journal works.

¥ Step 3, the papers selection process was based on detailed research que&iotts (

RQ7).

The information for each step was collected considering the 3 searchers and the the query
presented previously. the results of each step wgrdor each source a list of all the studies
that fulblled the query(ii) a list of studies for each source which contained all the works that
did not fulbll the second stage inclusion criteria; &gl the last step produced a list of works
for each source which contained all the studies that fulblled the second stefdl@able

The extraction of information was based on the research questions, and each work extrac-
tion question included the following item&) where the paper was foun() identibcation of
the title and main subjectsiji) summary of the researcfiy) inclusion and exclusion criteria;
(v) objective and result; an@i) subjective results.

Table12 shows a summary of the studies selected in each stage of the selection procedure
for each source. The OTotal resultsO were obtained by running the search string on the selected
sources. The next four rows show the results obtained after applying stages one (2 brst rows)
and two (2 last rows) of the studies selection procedure.

In the Prst step, respecting the blters described, the 65 articles collected from IEEE, only
29.23% of them were in accordance with the criteria described early, representing 19 articles. In
ACM Library, from 75 works collected, only 13.33% passed in the brst stage blter, representing
10 articles. In Science Direct had the lowest percentage, totaling 20 of the 166 articles collected
by the query, thus representing 12% of the total. Despite being the lowest relative value, the
Science Direct had the largest absolute result, with 20 works in the brst step. In the second stage,
the percentage dropped further, and the relevant works and with accordance to the criteria have
been collected as the bPnal result. The results were respectively, 10.76%, 4% and 5.42% of total
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Figure 80: Publications per year.

from the IEEE, ACM and Science Direct. The highest percentage was among the works from
IEEE, while the largest number od results, in absolute terms, was collected from Science Direct.
The approaches resulting from this last stage were studied in depth and information concerning
the detailed research questions and other belds of the extraction forms was extracted from each
eork we selected. 49 works were selected in the prst stage, and, only 19 works in the second
stage. It represents 6.20% of the total amount of works.

Figure 80 shows the publications per year, from 2005 to 2011. 12 of 19 articles were
selected in the systematic review published in 2006, 2009 and 2010, being four in each year and
6 in Science Direct source, 5 in IEEE, and only 1 at the ACM. All nine of Science Direct were
published in the last 4 years. Figure also shows that the number of publications that consider
classibcation of NFR once again increased from 2008.
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APPENDIX B - Service-Based Non-Functional

Requirement Concepts

¥ NON-FUNCTIONAL (NF) ATTRIBUTE - An attribute that describes the quality or char-
acteristics of a functional requirement. For examgda@bdentialityand privacy may be
non-functional attributes for the functional requiremaseér registration

¥ NON-FUNCTIONAL (NF) REQUIREMENT - A group of semantically correlated non-
functional attributes (NFA). For examplsecurityis an NF Requirement that comprises
attributes such asonbdentialityandintegrity.

¥ CONSTRAINT - A constraint prevents the system from achieving more than its goal. With
the dePnition of constraints, the system can be more robust, and unexpected problems can
be solved before they happen. For example, in a banking system, the customer can only
withdraw money if they have positive balance in the account.

¥ CONSTRAINT TYPE - Represents the types of constraints that could be expressed, the
types are: business and data (*value) constraints. When modeling a system requirement
the analyst can identify if there are restrictions on business, or data, or both.

¥ CONTRACT - Is the formalization of obligations (requires) and benebts (ensures) of a
function, service activity or component. The following questions can be used to debne
contracts: What does it expect? What does it guarante€®@ntract can be crucial to
software correctness that they should be part of the design process.

¥ EXCEPTIONAL BEHAVIOUR - Are alternative execution paths if any condition or restric-
tion is not respected. For example, if a userOs password is not correct after three attempts,
the userOs account is locked for security.

¥ PoLicy - Apolicy is a set of rules applied to a particular scope. This scope can be debned
as an action, an activity, a function or a work3ow. A policy is a composition of contracts
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applied to a non-functional application requirement. For example, a security policy of a
system constraint includes authentication, access, data privacy, and so on.

¥ Use CASE - Represents a behavior that can be executed in order to realize (parts of) a
functional requirement.

¥ REQUIREMENT - A requirement is a super type for functional and non-functional require-
ments. Thus, the use cases can be related to both types of requirements.

¥ SERVICE ACTIVITY - Represents a function of a software system or its component that
are implemented through services. A Service Activity may be calculations, technical de-
tails, data manipulation and processing and other specibc functionality that are available
to be accessed on the Internet.
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APPENDIX C -1 -PEWS Language

I -PEWS specibes assertions that are checked during the execution of a program. These
assertions describe pre- and post-conditions for a given operation or compound service. In the
case these conditions are not veribed, the contract debPnes correcting actions (described as a
PEWS path expression). The grammar debning the new language is debned as follows: A
I -PEWS program is similar to a PEWS program, but with the possibility of adding contract
debnitions at the end of the program. Path expressions, debning the service workf3ow, are
described by th&ervicenon-terminal of the grammar below. Since contracts and work3ow are
separate concerns, the syntax of path expressions remain unchanged, from the original version
of the language.

(1) Program::= v pvar Oid GDArithExp ¢ pBervice Oid DCBerviceg*Service Contract* w

(2) Service:= vid w | vService Q0Servicew | VServiceO OServicew | vServiceQOServicew
| vServiceOw | vOOBooleanCondition GOServicew | vAOService QOw

The dePnition of contracts is given below. It includes a name for the contract, as well as its
four component sections:

e Target service of the contract: This section specibes the service to which the contract applies.
This can be an operation or a compound service (which also debPnes a scope for the contract).

e Preconditions and their actions. This section debnes the assertions that will be veribed before
the target service is executed.

e Post-conditions and their actions. This section debPnes the assertions that will be veribed at the
end of the target service execution.

e Time constraints for the services on the contract scope.

(3) Contract::= v QlefO GontractOld GOIsAppliedTo Requires* Ensures* (TimeConstrain®w
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The directive 3AppliedTo:O debnes the target service and scope of the contract. This
service is given by the identiber appearing next to the keyword. The target service can be a
simple operation or a compound service. In the former case, the contract cannot contain any
time restriction. In the case of a contract debPned for a compound service, the operations and
services that form the contract can participate of the time constraint expressions debned by the
contract.

(4) isAppliedTo:= v OsAppliedToO @identQOw

The @equiresO and énsure® parts of a contract debne the pre-conditions (resp. post-
conditions) to be checked for each contract. In the case of pre-conditions, they will be veribed
before the service is executed. Post-conditions will be checked after the execution of the service.
In both cases, when the assertion fails, the associated action will be executed. Actions are
debned as services, and written as PEWS path expressions.

(5) Requires:= v QequiresOBooleanCondition OonFailureDoQ0)? QOw
(6) ensures:= v OensuredgboleanCondition ({OonFailureDoQ0)? QOw

(7) onFailureDo::= v QonFailureDoServicew

Time Constraints are debned as relational expressions build from the operators.

(8) timeConstraint:= v OtimeConstraintO qyd@meeOw | vGtartOw | vaoverlapOw
O(@pNamg timeConstraint O,(dpNamg timeConstraint O)&

The model of temporal relations proposed here follows the main ideas presentéd in [
20]. The model is used to impose additional restrictions to the order in which operations of
a web service are performed at execution time. For example, the conbPrmation of the bank
authorization request must arrive at most one minute after the service call.

A service composition time relation is represented by the following model:QLbe a
set of web services'q, . . .,",) to be composed an®, a set of temporal relations
that can be applied tQ. Temporal relations are debPned by predicates Q x Q, where
r, € { meet, overlap, star}.

For example, the expressioneet( 1," ) states that the execution of operatibs will

begin as soon ds; Pnishes. The temporal relations are described below:

Meet. The restriction specibed byeet( ;," 3) specibes that, will be executed immediately
after" ; Pnishes.
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Overlap. The constraint given bypverlap(' 1," 2) states that execution of the two services
overlap in time. The restriction also states that the servideitiates beforée' .

Start. The specibcation oftart(' ;," ;) states that the two services have their execution in
parallel and that they start at the same time.
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Diagrams

$pre-condition$

# nameSpotify == 7?7 &&
passwordSpotify == ?? #

<<assertion>>
verify user data

$pre-condition$
# (bankBalance > ?value) &
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$post-condition$ $ post-condition$
# (paymentOk == true) ==> # (authozationOk == true) ==>
numVaucher == ?? # messageUser == 'download ok' #

<<assertion>>
verify payment data
and check value

<<assertion>>
payment confirmation

<<assertion>
authorization to
download

download music

buy? yes|

buy? no

$pre-condition$ $pre-condition$

#songFormat == ?7?#

<<assertion>
check user and
password

<<assertion>
verify song data
format

publish twitter

publish? yes, twitter

publish? yes, facebook

<<assertion>
check spotify
user data

publish facebook

<<assertion>>
send notification

L
$post-condition$

$pre-condition$
# notification == 'published" #

facebookLogin &&
acebookPassw #

# spotifyLogin =
spotifyPassw =

Figure 81:! -ServiceProcessTo Publish Music.



Appendix D - To Publish Music Case Study Diagrams 189

Figure 82:! -UseCase To Publish Music.
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<<External false>>
Application

<<assertion>>
verify user data

verify payment data

<<assertion>>

buy music
and check value

search music select music

<<assertion>>
payment confirmation

<<assertion>
authorization to
download

uy? yes

buy? no

download music

(' listen music )

publish? yes, facepook

publish? yes, twitter

< <assertion>
check user and
password

<<assertion>
verify song data
format

publish? no

publish twitter

<<assertion>>
check spotify
user data

publish facebook

<<assertion>>
send notification

<<External true>>
Bank

<<service>>

<<service>>

send confirmation

<<External true>>
Spotify

<<service>>
music search

<<External true>>
Twitter

<<External true>>
Facebook

<<Policy>>
$trasactionPolicy$
% Security %

Rule R1{
@PRE@

# event.activityName == scope.name AND
userName == ?? AND passW == ?? AND
valuePayment < userBalance#

! Scope.httpRequest.Credentials =
newNetworkCredential(username,

password) AND

Scope.httpRequest.Payment =
newNetworkPay(cardName, cardNumber, value
} Rule R2{

@POST@

! sendNotification('payment ok') AND
sendNotification(‘download authorized')!

<<service>>
listen song

<<Policy>>

$httpAuthPolicy$

% Performance, Security#
Rule R1{

@PRE@

# event.activityName ==

<<Policy>>
$authPolicy$
%Security%
Rule R1{

scope.name#

! Scope.httpRequest.Credentials =
newNetworkCredential(username,
password)!

} Rule R2{

<<service>>
publish message /-

@PRE@

# event.activityName == scope.name|
AND token == null;#

Itoken = getToken()!

@POST@

!sendNotification(‘song published')!

<<service>>

update status

} Rule R2{
@ PRE;

# event.activityName == scope.name|
AND token != null AND
token.isExpired() == true#

Figure 83:! -ServiceCompositionTo Publish Music.
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