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bstract 

 

The increasing size, complexity, and demand for quality software systems are 

some of the most important issues that have boosted the interest in the software 

architecture area. Consequently, software architecture processes emerged to aid 

the architects in the construction of these software architectures. Service-

Oriented Architecture (SOA) emerged as a type of software architecture to build 

systems through the composition of services. As object-orientation, service-

orientation has become a distinct design approach which introduces commonly 

accepted principles that govern the positioning and design of architectural 

components. Besides, SOA is a paradigm for organizing and utilizing distributed 

capabilities that may be under the control of different ownership domains. In 

the enterprise context, SOA permits the organizations, which have a highly 

fragmented application infrastructure under management of different business 

areas, can integrate these applications in the service level. On the one hand, the 

traditional architecture processes do not comprise these SOA features. On the 

other hand, the available SOA approaches do not fulfill all the software 

architecture foundations. In this sense, this dissertation proposes a systematic 

SOA-based software architecture process that complains the main software 

architecture foundations and SOA features in order to guide the architects in the 

construction of a software architecture description for SOA. In addition, an 

experimental study was defined, planned, performed and analyzed in order to 

evaluate the proposed process. 

Keywords: SOA, Software architecture, Architecture process. 
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esumo 

 

O crescimento do tamanho, complexidade e demanda por qualidade dos 

sistemas de software são alguns dos motivos que tem aumentado o interesse na 

área de arquitetura de software. Consequentemente, processos de arquitetura de 

software surgiram a fim de auxiliar os arquitetos na construção dessas 

arquiteturas. Arquitetura Orientada a Serviços (SOA) surgiu como um tipo de 

arquitetura de software para construir sistemas através da composição de 

serviços. Assim como o paradigma de orientação a objetos, o paradigma de 

orientação a serviços tem trazido uma abordagem de projeto distinta que 

introduz princípios que governam o posicionamento e o projeto dos 

componentes arquiteturais. Além disso, SOA é um paradigma para organização 

e utilização de capacidades distribuídas que podem estar sob o controle de 

diferentes domínios. No contexto empresarial, SOA permite que organizações, 

que tenham uma infra-estrutura de aplicações fragmentadas sob a 

administração de diferentes áreas de negócio, possam integrar estas aplicações 

no nível de serviço. Por um lado, os processos de arquitetura tradicionais não 

abrangem estes aspectos de SOA. Por outro lado, as abordagens de SOA 

disponíveis não satisfazem todos os fundamentos da arquitetura de software. 

Neste sentido, esta dissertação propõe um processo sistemático de arquitetura 

de software baseado em SOA que compreende os principais fundamentos da 

arquitetura de software e características inerentes a SOA a fim de guiar os 

arquitetos na construção de uma descrição arquitetural para SOA. 

Adicionalmente, um estudo experimental foi definido, planejado, executado e 

analisado a fim de avaliar o processo proposto. 

Palavras-chave: SOA, Arquitetura de software, Processo de arquitetura. 
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Introduction 

 
  

 

1.1 Motivation 
Software Architecture has attracting a great attention from researchers and 

practitioners since the last decade. The increasing size, complexity, and demand 

for quality software systems are some of the most important issues that have 

increased interest in this sub-discipline of software engineering (Clements et al., 

2002a). 

As any activity of software engineering, it is useful to follow a defined 

process in order to guide an architect through the definition of the application 

architecture (Gorton, 2006). A complete architecture process can include three 

main activities (Gorton, 2006; Hofmeister et al., 2007): define architecture 

requirements (or architecture analysis); architecture design; and architecture 

evaluation. However, it is common, in the literature, to find these activities 

separated in different methods. For example, some methods focus on the 

architecture design activities (Kruchten, 1995; Soni et al., 1995; Bachman and 

Bass, 2001) and other methods focus on the architecture evaluation (Kazman et 

al., 1996; Kazman et al., 2000b). The first one is concerned with the creation of 

software architecture, and the second one aims to analyze a software 

architecture in order to identify potential risks and verify that the quality 

requirements have been addressed in the architecture. 

An architecture design method aids the architects to design a system 

architecture description, considering styles that can be used and different views 

for several goals, addressing different quality attributes. However, architecture 

design methods that were developed in different domains naturally exhibit 

1 
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domain characteristics and emphasize different goals (Hofmeister et al., 2007). 

Therefore, none of these methods (Kruchten, 1995; Soni et al., 1995; Bachman 

and Bass, 2001) alone is comprehensive enough to cover the design of software 

architectures for systems with different sizes on various domains, or provide an 

explicit means to create architectural descriptions for all the systems (Matinlassi 

and Kalaoja, 2002). 

Currently, a special type of software architecture is being widely 

investigated: Service-Oriented Architecture (SOA) (McGovern et al., 2003). SOA 

is a paradigm for organizing and utilizing distributed capabilities that may be 

under the control of different ownership domains (OASIS, 2006). A basis of the 

SOA is the concept of service as a functional representation of a real world 

business activity meaningful to the end-user and encapsulated in a software 

solution (Zimmermann et al., 2004). In the business world, SOA permits the 

organizations, which have a highly fragmented application infrastructure under 

management of different business areas, can integrate these applications in the 

service level. This happens through the reuse of the services involved in the 

business processes, both within the organization, given their different business 

areas, as the business environment as a whole, considering their business 

partners. 

As object-orientation, service-orientation has become a distinct design 

approach which introduces commonly accepted principles that govern the 

positioning and design of architectural components (Erl, 2005). Hence, service-

oriented modeling requires additional activities and artifacts that often are not 

found in traditional object-oriented (OO) analysis and design (Arsanjani, 2004). 

The main issue with current OO design practices in relation to service-

oriented design is that its level of granularity is focused at the class level, which 

resides at too low of a level of abstraction for service modeling (Zimmermann et 

al., 2004). It was understood that object-oriented technology and languages are 

great ways to implement components. These are at a level of abstraction that is 

higher than that of classes and objects. The significant increase of abstraction 

and encapsulation that components provide are an important step towards 

service-orientation (Krafzig et al., 2004). 

Figure 1 illustrates the mapping between the levels of visibility and focus 

given by OO, component-oriented, and service-oriented design. It is important 
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to highlight that these different abstraction levels of design are not exclusive, 

but complementary, as shown in the Figure 1.  

 

Figure 1. The abstraction levels of design (Zimmermann et al., 2004) 

In order to gain the full benefits of the emerging paradigm, an effective 

process for designing this specific, distributed computing model is required. 

Currently, the existent SOA processes and approaches are not considered a 

complete and pure software architecture process (this issue will be discussed in 

detail in Chapter 6), because they are not in accordance with some software 

architecture foundations such as quality attributes orientation, views-oriented 

description, and architecture evaluation. These are important foundations, since 

one of main objectives of the software architecture is to fulfill the quality 

attributes requirements. For this purpose, it is useful to use different views in 

the architecture description to represent the solution for the quality attributes 

required; and to evaluate the architecture description generated in order to 

verify if this architecture really is fulfilling the quality attributes.  

1.2 Problem Statement 
According to the issues gathered from the discussion of the previous section, 

such as the existent gap between traditional architecture design processes and 

SOA processes, it is necessary a SOA-based architecture process that offers 

support to the architects for designing a SOA description. In this sense, the work 

described in this dissertation focuses in achieving the following goal: 
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1.3 Overview of the Proposed Solution 
In order to achieve the goals stated in the previous section, it was performed a 

survey about the software architecture field. This survey was intended to 

identify the main foundations of this field as well as to discover the main 

activities of an architecture process. Additionally, it was investigated the area of 

the SOA in order to identify the principles of this special type of software 

architecture. From this research, the requirements have been identified in order 

to create a new architectural process for SOA. 

 In this sense, the process was divided in two phases: SOA Definition 

and Service Design. The first one aims to design the SOA as a whole, and the 

second one aims to design the architecture of a specific service. However, this 

work focuses only on the SOA Definition phase.   

The SOA Definition phase was divided in three main activities: SOA 

Analysis, SOA Design and SOA Evaluation. In summary, the SOA Analysis 

activity aims to identify the services that compose the SOA as well as the quality 

attributes of each service and of the SOA as a whole; SOA Design activity has the 

objective of specifying the service contracts, applying the views to describe the 

SOA and producing the SOA documentation; and, finally, SOA Evaluation 

activity aims to evaluate the architecture created in order to verify if it is 

fulfilling the quality attributes. This dissertation defines sub-activities for the 

two first activities and uses an existent evaluation method for the third activity. 

1.4 Out of Scope 
In spite of some aspects were envisioned since the initial definitions of the 

process, they were not covered by the process. However, they can be added in 

the future with some adjustments. The following issues are not directly 

addressed by this work: 

This work defines a systematic software architecture process with its 
activities, sub-activities, steps, inputs, outputs, principles and roles in 
order to guide the architect in the design of a Service-Oriented 
Architecture description. Moreover, the process is based on software 
architecture foundations and Service-Oriented Architecture principles. 
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• Architecture evaluation. In spite of the proposed process to specify 

an activity for SOA evaluation, it is out of scope to define a new 

architecture evaluation method since that the available ones (Kazman et 

al., 1996; Kazman et al., 2000b) are suitable for use; 

• Reuse process. One of the SOA benefits is to improve the service reuse. 

However, the proposed process does not define a well-defined process to 

improve an effective reuse of the services; 

• Architecture Description Language. Current notations for modeling 

software architectures are formal, i.e., based on a special modeling 

language, called an Architecture Description Language (ADL) (Fuxman, 

2000). This work does not aim to specify an Architecture Description 

Language for SOA; 

• Service Design Phase. In spite of the process to encompass SOA 

Definition and Service Design phases, this dissertation is focused only in 

the first one. 

1.5 Statement of the Contributions 
In summary, the main contributions of this work are the following: 

• A survey of the state-of-the-art of software architecture field in order to 

understand and identify its concepts, elements, foundations, and 

methods; 

• A survey about Service-Oriented Architecture field and its relation with 

Web Services technology in order to comprehend the principles for a new 

architecture process; 

• A study about quality attributes in the SOA context in order to 

understand how they impact the architecture of the system; 

• The development of a systematic process to design architecture 

description of the SOA-based enterprise applications;  

• The definition, planning, operation, analysis and interpretation of an 

experimental study in order to evaluate the proposed process. 
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1.6 Organization of the Dissertation 
The remainder of this dissertation is structured as follows: 

• Chapter 2 surveys the software architecture in which is presented 

important foundations about this field such as history, definitions, roles, 

and sub-areas such as architecture design methods, evaluation methods, 

and architecture documentation; 

• Chapter 3 discusses the Service-Oriented Architecture field, including 

the roots of this field, its definition, roles, quality attributes, and Web 

Services technology; 

• Chapter 4 presents the proposed architecture process for SOA-based 

enterprise applications with its foundations, roles, phases, activities, sub-

activities, inputs and outputs; 

• Chapter 5 describes the definition, planning, operation, analysis and 

interpretation of an experimental study for the proposed process in order 

to evaluate and refine it; 

• Chapter 6 presents some concluding remarks about this work as well as 

its contributions, related work, and directions for future work. 



 

 

 
Software 
Architecture: An 
Overview 

 

During recent years, the notion of software architecture has emerged as the 

appropriate level for dealing with software quality. This is because the scientific 

and industrial communities have recognized that software architecture sets the 

boundaries for the software qualities of the resulting system (Bass et al., 2003).

 This chapter provides an overview to the software architecture field, 

describing different definitions and the roots of software architecture. 

Moreover, important roles of software architecture are discussed in conjunction 

with software development life-cycle. In addition, important concepts related to 

this field are also discussed, such as architectural views and styles. Finally, this 

chapter discusses architecture representation and methods to design, evaluate 

and document software architectures.  

2.1 History of Software Architecture 
One characterization of software development techniques and tools has been the 

regular increases in abstraction level. Many of these techniques are based on 

creating less or more abstract models and languages, trying to offer to the 

designer a gradual way to map requirements into software. This increasing of 

software abstraction level can be perceived along the history. 

When digital computers emerged in the 1950s, software was written in 

machine language. It was recognized that the memory layout and update of 

references could be automated, and also that symbolic names could be used for 

operation codes and memory addresses. In the late 1950s, it became clear that 

certain patterns of execution were commonly useful – indeed, they were so well 

2 
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understood that it was possible to create them automatically from a notation 

more like mathematics than machine language. These insights were captured in 

a series of early high-level languages. These higher-level languages allowed 

more sophisticated programs to be developed, and patterns in the use of data 

emerged (Garlan and Shaw, 1994).  

In the late 1960s, several programmers perceived that if you get the data 

structures right, the effort will make development of the rest of the program 

much easier. In this period, Edsger Dijkstra published a paper about the design 

of a multiprogramming system called "THE" (Dijkstra, 1968). This is one of the 

first papers to document the design of a software system using hierarchical 

layers, from which the phrase layers of abstraction were derived. Dijkstra 

organized the design of the system in layers in order to reduce the overall 

complexity of the software. Although the term “architecture” had not yet been 

used to describe software design, this was certainly the first suggestion for 

software architecture. Additionally, programming in the large was a common 

expression used to describe this aspect of software design. Finally, in 1969, there 

was the first reference to the term “Software Architecture” at a conference on 

software engineering techniques organized by NATO (1969). 

In the 1970s, the development of structured design and software 

development models has emerged, which researchers began focusing on 

software design to address the problems of developing complex software 

systems. Parnas (1972) described the use of modularization and information 

hiding as a means of high-level system decomposition to improve flexibility and 

comprehensibility. In the same way, Stevens et al. (1974) introduced the notions 

of module coupling and cohesion to evaluate alternatives for program 

decomposition. These work demonstrated that a new problem of design 

activities has emerged. Software design should be a separate activity from 

implementation in software development, with its own notations, tools, 

techniques and modeling languages. 

In the 1980s, software engineering research shifted focus toward 

integrating designs and design processes into the larger context of software 

development process and management. Structured design methods could not 

scale as software systems grew in complexity and in the latter half of the 1980s a 

new design paradigm began to take hold — Object-Oriented. With OO 
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programming, software engineers could (in theory) model the problem domain 

and solution domain within an implementation language (Albin, 2003). 

The 1990s is considered the decade of software architecture (Perry and 

Wolf, 1992). In this decade, the software architecture area began to gain 

widespread acceptance and attracted substantial attention from both industry 

and the research community. Several work, such as books, papers, languages 

and methods, have been published, making the software architecture really 

emerging as distinct discipline of software engineering (Kruchten et al., 2006).  

Nowadays, it was recognized that software architecture emerged from 

basic research to an essential element of software system design and 

construction (Shaw and Clements, 2006).  

2.2 Definition of Software Architecture 
In spite of the maturing of the discipline, there is not a consensus, widely 

accepted definition of software architecture (Kruchten et al., 2006). Although 

there are numerous definitions of software architecture (SEI, 2007), at the core 

of all of them is the notion that the architecture of a system describes its gross 

structure. This structure illuminates the top level design decisions; including 

issues such as how the system is composed of interacting parts, where the main 

pathways of interaction are, and what are the key properties of the parts 

(Garlan, 2000). 

Based on this idea, Perry and Wolf (1992) and Shaw and Garlan (1996) 

agree with the following definition: “software architecture is the structure of 

components in a program or system, their interrelationships, and the 

principles and guides that control the design and evolution in time”. This is a 

process-centered definition, because it takes into account the presence of 

principles and guidelines in the architecture description (Dobrica and Niemela, 

2002). Following the same idea, the IEEE defines software architecture as “the 

fundamental organization of a system embodied in its components, their 

relationships to each other, and to the environment, and the principles guiding 

its design and evolution” (IEEE, 2000). 

Other definitions give an idea about the significance to have a good 

design to software architecture, such as Rozanski and Woods (2005): “Software 
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architecture is the set of design decisions which, if made incorrectly, may cause 

your project to be cancelled”.  

We can find even more different definitions at the site of the Software 

Engineering Institute (SEI) (SEI, 2007).  

In this dissertation, the definition of Bass et al. (2003) will be used in 

which the software architecture of a system is defined as “the structure or 

structures of the system, which comprise software elements, the externally 

visible properties of those elements, and the relationships among them”.  

This definition is also mainly concerned with structural aspect of a 

system. First, an architecture defines elements, embodying information about 

how the elements relate to each other. Thus, an architecture is an abstraction of 

a system that hides details of elements and it is concerned with the public side 

of these elements. Second, the systems can comprise more than one structure, 

i.e., several structures can be used to describe the system for different views and 

goals. For example, we can have a structure to describe the interaction of 

elements at runtime, and other structure to represent the module composition 

of the system. Third, the definition implies that every software system has an 

architecture because every system can be shown to be composed of elements 

and relations among them. Fourth, the behavior of each element is part of the 

architecture, so that element’s behavior influences how another element must 

be written. This does not mean that the exact behavior and performance of 

every element must be documented in all circumstances. Finally, the definition 

is indifferent as to whether the architecture for a system is a good one or a bad 

one, but it is not accept “trial and error” as the best way to choose an 

architecture for a system (Bass et al., 2003). 

2.3 Architecture in the Development Life-cycle 
Design is the activity of transforming requirements specifications into a 

technically feasible solution. The purpose of design is to map the various 

requirements to technology and to reason about the correctness of the approach 

before implementing the solution. The design activity encompasses classic 

object-oriented design as well as higher-level architectural design methods 

(Albin, 2003). 
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The problems of developing and maintaining large systems have led to a 

realization that high-level design description can play an important role in 

successfully understanding and managing large and complex software systems 

(Bengtsson, 1998). This is the software architecture level of design.  

Garlan (2000) affirms that software architecture typically plays a key role 

as a bridge between requirements and implementation. 

Software architecture is concerned mainly with non-functional 

requirements, i.e., it aims to address quality attributes, such as reliability, 

reusability, performance, security, and so on. Architecture activity specifies the 

properties of elements, their interactions, and the constraints on those elements 

and serves as a basis for a detailed design. On the other hand, the detailed 

design activity is concerned mainly with functional requirements. It involves 

algorithms and procedures, data structures and realization, focusing to address 

the system functionalities (Kazman et al., 2003).  

Nevertheless, the architecture and detailed design activities can cross the 

boundary each other, i.e., the architecture activity considers important 

functional requirements to design the architecture. 

A typical software development life-cycle, as practiced in relatively 

mature software development organizations, includes at least the following 

activities (Kazman et al., 2003): 

• Understanding of business needs and constraints; 

• Elicitation and collection of requirements; 

• Architecture design; 

• Detailed design; 

• Implementation; 

• Testing; 

• Deployment; 

• Maintenance. 

Of course, this list is not exhaustive, and many of these activities can be 

broken down into sub-activities. Moreover, this list does not imply a particular 

development process – spiral, waterfall, agile, or any other. These items simply 

are distinct activities, with their own inputs, outputs, specialists, sub-activities, 

analysis techniques, and notations that must be undertaken in the development 
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of any software project. For example, architecture design as an activity includes 

inputs from requirements and business needs and constraints, produces outputs 

in the form of architecture documentation, and includes architecture analysis 

activities (Kazman et al., 2003).  

2.4 Roles of Software Architecture 
Beyond this high-level design of software architecture, there are several roles of 

this field for software systems (Bass et al., 2003): 

• Communication among stakeholders. Software architecture 

represents a common high-level abstraction of a system that stakeholders 

can use as a basis for mutual understanding; 

• Early design decisions. The software architecture of a system is an 

earliest artifact that enables the priorities among concerns to be 

analyzed, mainly quality attributes concerns. Trade-offs involved on 

these quality attributes are previously manifested in the architecture; 

• Reuse on several levels. Software architecture is a model for how a 

system is structured and how its elements (or components) work 

together. This model can be transferable across systems taking advantage 

of past experiences. In other cases, the components that compose the 

architecture can be reused on other systems that have similar 

requirements; 

• Means of education. The educational use consists of introducing 

people to the system. The people may be new members of the team, 

external analysts, or even a new architect; 

• Basis for system evaluation. To support analysis, the software 

architecture documentation must contain the information necessary for 

the particular analyses being performed. 

2.5 Architecture Views 
Software architecture is a complex entity that cannot be described in a simple 

one-dimensional fashion (Bass et al, 2003). Since there are several goals for 

different people involved on software project, it is important to represent the 

system structure upon different views. Each view emphasizes certain 
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architectural aspects that are useful to different stakeholders or to different 

purposes (Perry and Wolf, 1992). Bass et al. (2003) introduce the concept of 

architecture structures as being synonymous to view. 

According to the IEEE 1471 (2000), a view is a "representation of a 

whole system from the perspective of a related set of concerns”, and a 

viewpoint is a “specification of the conventions for constructing and using a 

view; a pattern or template from which to develop individual views by 

establishing the purposes and audience for a view and the techniques for its 

creation and analysis”. 

Several models have been proposed to introduce a number of views that 

should be described in the software architecture (Kruchten, 1995; Hofmeister et 

al., 1999; America et al., 2003). The view models share the fact that they address 

a static structure, a dynamic aspect, a physical layout and the development of 

the system (Dobrica and Niemela, 2002). 

Different views also expose diverse quality attributes to different degrees. 

Therefore, the quality attributes that are of most concern to stakeholders in the 

system's development will affect the choice of what views to use (Clements et al., 

2002a). Figure 2 shows different views that can be used for different quality 

attributes. For example, generally, users are concerned with aspects of 

performance, availability, usability and security of the system. On the other 

hand, developers are concerned with some aspects like maintainability, 

portability, reusability and testability. 
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Roll back Schedule
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Figure 2. Different views for different quality attributes 

Several different names for same view are found in literature. Common 

architectural structures/views include: 

• Functional (or logical, module) view. The system is decomposed 

into a set of abstractions, taken mainly from the problem domain; 
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• Code view. It represents a view of programmers. Thus, the components 

of this view are classes, objects, procedures and functions, and their 

abstraction/composition into things like subsystems, layers, and 

modules; 

• Development (or structural) view. It focuses on the organization of 

the software modules in the software development environment, i.e., 

units of program (libraries or subsystems) that can be developed by one 

or more developers. It defines the artifact structure, i.e., how the artifacts 

(documentation and code) will be organized at the repository in terms of 

directories and subdirectories; 

• Concurrency (or process/thread, execution) view. It addresses 

distribution, integrity, and fault tolerance. It also specifies how the 

elements of the structure system will behave at runtime; 

• Physical (or deployment) view. It organizes the system elements in 

terms of hardware resources (networks, devices, computers), i.e., how the 

components will be distributed physically.  

Other views will be shown in section 2.8.1, when it will be discussed the 

architecture design methods.  

2.6 Styles and Types of Architectures 
It was recognized that some software systems have common characteristics that 

are resolved with the same design decision. Some of these commonalities are 

(Shaw, 1995): (i) nature of the components; (ii) component properties; (iii) 

semantics of component connections; and (iv) behavior of a system as a whole. 

For this reason, software architects have created several patterns to solve 

common problems of design and formalized these design decisions in figure of 

architectural styles. 

A style has some commonalities, such as (Garlan and Shaw, 1994): 

• It describes a class of architectures of significant architecture pieces; 

• It is found repeatedly in practice; 

• It is a coherent package of design decisions;  

• It has known properties that permit reuse. 
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Perry and Wolf (1992) define an architectural style as “that which 

abstracts elements and formal aspects from various specific architectures”. 

Thus, an architectural style consists of a set of shared assumptions and 

constraints across a set of architectures. An architectural style is not an 

architecture. An architectural style is less constrained and less complete than a 

specific architecture.  

As well as the views, styles may be named of different terms in the 

literature. For this reason, Bass et al. (2003) created a catalog where the styles 

were categorized into related groups in an inheritance hierarchy. This 

categorization considers the relation (properties and benefits) among styles.  

Figure 3 shows this catalog. 
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Figure 3. Catalog of styles organized by their relations (Bass et al, 2003) 

These related styles are named of pure architectural style. However, most 

systems typically involve some combination of several styles. This arrangement 

is named heterogeneous styles. Hence, there are different ways in which 

architectural styles can be combined. One way is through hierarchy, in which a 

system can be structured in one style and may have an internal organization 

that is developed with a different style. 

Given the definition of architectural style, there is no hard dividing line 

between where architectural style leaves off and architecture begins. Whether it 

is a type of architecture or a style depends in some sense on the use (Perry and 

Wolf, 1992). Several consolidate types of architectures are related in practice. 

Some of them are: 

• Client-Server architecture. It is a network architecture which 

separates a client (often an application that uses a user interface) from a 
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server. Each instance of the client software can send requests to a server. 

This server processes the request and sends a response to the client; 

• N-tier (multi-tier) architecture. Generally, the business logic is 

represented by component or services. Hence, beyond separating the 

three layers as three-tier style, the N-tier separates the process logic on 

different platforms through distributed components;  

• Peer-to-peer (P2P) architecture. P2P networks are typically used for 

connecting nodes via largely ad-hoc connections. This network does not 

have the notion of clients or servers, but only equal peer nodes that 

simultaneously function as both clients and servers to the other nodes on 

the network;  

• Service-Oriented Architecture (SOA). In the SOA approach, the 

architecture is composed by autonomous and self-contained services, in 

which these services represent business processes, sub-processes or 

tasks, and they are distributed on network in several computers. This 

idea will be discussed in details in next chapter. 

2.7 Architecture Representation 
The software architecture of a system defines its high-level structure, exposing 

its gross organization as a collection of interacting components. Currently, there 

is considerable diversity in the ways that practitioners represent architectures, 

although most depend on informal box-and-line diagrams (Garlan and 

Kompanek, 2000). 

Several researchers have noted the problem of architectural 

representation, including Abowd et al. (1993), Garlan and Shaw (1994), and 

Clements (1994).  

Current notations for modeling software architectures are formal, i.e., 

based on a special modeling language, called an Architecture Description 

Language (ADL) (Fuxman, 2000). In contrast, the standard Unified Modeling 

Language (UML) (Booch et al., 1998) is a general language that provides 

advanced techniques and notations supporting the full life cycle of system 

modeling, from requirements analysis to implementation.  
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2.7.1 Architecture Description Languages (ADLs) 
ADLs have been proposed to provide constructs for specifying architectural 

abstractions in a descriptive and formal notation.  

In accordance with Fuxman (2000), an ADL must consist of three 

abstractions of software architecture, considering the software architecture 

definition of Garlan and Shaw (1994): components, connectors and 

configurations. Components are independent unit of computation; connectors 

represent interactions among components; and configurations are instances of 

an architectural description represented as a connected graph of connectors of 

components. Moreover, Fuxman compared the way the different ADLs support 

these three elements, and emphasized aspects such as formal semantic models 

and automated verification of architectural properties.  

In spite of existing several types of ADLs, a set of commonalities can be 

listed (Shaw et al., 1994; Luckman and Vera, 1995): 

• Component abstraction; ability to represent components along with 

property assertions, interfaces and implementations; 

• Communication abstraction; ability to represent connectors, along with 

protocols, property assertions, and implementations; 

• Types and type checking; 

• Ability to model dynamic architectures; 

• Ability to reason about causality and time;  

• Tool support for analysis. 

Because of their roots in formal methods, existing ADLs are generally 

hard to understand and do not integrate well with current software development 

practices. Moreover, existing ADLs often take into account only a single 

particular perspective, from which the architect has to model all key aspects of 

the software system. Generally, the languages are concerned with architectural 

design, and each one provides certain distinctive capabilities.  

2.7.2 Unified Modeling Language (UML) 
The UML (Booch et al., 1998), officially defined at the Object Management 

Group (OMG), is a family of graphical notations that help in describing and 

designing software systems, particularly software systems built using the OO 
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style. UML is not restricted to modeling software. It is also used for business 

process modeling, systems engineering modeling and representing 

organizational structures. 

Since its introduction in 1997, the UML has attracted many organizations 

and practitioners, and is widely adopted by them to describe architecture design 

(Lange et al., 2006). Currently, its version is 2.0, and its diagrams have three 

classifications:  

• Behavior diagrams. A type of diagram that depicts behavioral features 

of a system or business process. This includes activity, state machine, and 

use case diagrams as well as the four interaction diagrams; 

• Interaction diagrams. A subset of behavior diagrams which 

emphasize object interactions. This includes communication, interaction 

overview, sequence, and timing diagrams; 

• Structure diagrams. A type of diagram that depicts the elements of a 

specification that is irrespective of time. This includes class, composite 

structure, component, deployment, object, and package diagrams.   

In the context of software architecture description, these diagrams can 

represent different views. For example, module view is easily represent by 

object, class and component diagrams. The relationship among the elements 

can be better represented by sequence and communication diagrams. The 

deployment view can be represented by deployment diagram. 

2.8 Architecture Process 
As any activity of software engineering, it is necessary techniques, guidelines, 

best practices and tools to create a good software architecture. As it was 

discussed in Chapter 1, a complete architecture process includes activities of 

analysis, design and evaluation. However, different methods achieve only some 

these activities. In this sense, this section discusses two types of methods: 

architecture design methods and architecture evaluation methods, where the 

first one is concerned with the creation of software architecture, and the second 

one aims to analyze a software architecture in order to identify potential risks 

and verify that the quality requirements have been addressed in the 

architecture.  
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2.8.1 Architecture Design Methods 
Software architecture design methods have much in common as they deal with 

the same basic problem: maintaining intellectual control over the design of 

software systems that require involvement among multiple stakeholders; are 

often developed by large, distributed teams over extended periods of time; must 

address multiple possibly conflicting goals and concerns; and must be 

maintained for a long period of time (Hofmeister et al., 2007).  

Moreover, an architecture design method aids the architects to construct 

a system architecture description, considering styles that can be used and 

different views for several goals, addressing different quality attributes.  

In the next sections, we will discuss some architecture design methods, 

showing these views and steps to design a software architecture. 

2.8.1.1 4+1 Model View 

The 4+1 Model View (Kruchten, 1995) is an architecture design method 

developed by Rational Software Corporation and later subsumed by the RUP. 

The main goal of this method is providing a multiple views for specifying object-

oriented software systems, although the original version of this model did 

attempt to separate itself from a strictly object-oriented architecture style. For 

RUP, software architecture encompasses the set of significant decisions about 

the organization of a software system:  

• Selection of the structural elements and their interfaces by which a 

system is composed; 

• Behavior as specified in collaborations among those elements; 

• Composition of these structural and behavioral elements into larger 

subsystems;  

• Architectural style that guides this organization. 

This method establishes four views to describe the design: logical view, 

process view, implementation view and deployment view, and using a use-case 

view (+1) to relate the design to the context and goals.  

• Logical view. Primarily supports the functional requirements – the 

services the system should provide to its end users. Architects decompose 
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the system into a set of key abstractions, taken mainly from the problem 

domain; 

• Process view. It addresses concurrency and distribution, integrity and 

fault-tolerance. This view also specifies which thread of control executes 

each operation of each element identified in the logical view; 

• Development View. It focuses on the organization of the actual 

software modules in the software development environment. The 

software is packaged in program libraries or subsystems that can be 

developed by one or more developers. The subsystems are organized in a 

hierarchy of layers, each layer providing a narrow and well-defined 

interface to layers above it; 

• Physical view. The software executes on a network of computers (the 

processing nodes). The various elements identified in the logical, process, 

and development views must be mapped onto the various nodes.  

For each view, the architects can select a certain architectural style, hence 

allowing the coexistence of multiple styles in one system. 

In RUP, architectural design is spread over several iterations in an 

elaboration phase, iteratively populating the four views, driven by 

architecturally significant use cases, non-functional requirements in the 

supplementary specification, and risks. Each iteration result in an executable 

architectural prototype, which is used to validate the architectural design. 

2.8.1.2 Attribute-Driven Design (ADD) 

The Attribute-Driven Design (ADD) method (Bachman et al., 2000), developed 

at the SEI, is an approach to define software architectures by basing the design 

process on the architecture’s quality attribute requirements. This method 

essentially follows a “Plan, Do, and Check” cycle. “Plan” considers quality 

attributes and design constraints to select which types of elements will be used 

in the architecture. “Do” instances the elements to satisfy quality attribute 

requirements as well as functional requirements. “Check” analyzes the resulting 

design to determine if the requirements are met. This process is repeated until 

all architecturally significant requirements are met (Wojcik et al., 2006).  
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Three main views are used in the ADD method (Bachman and Bass, 

2001):  

• Module view (or decomposition view). It is used to capture the 

responsibilities of each element in the decomposition including 

infrastructure responsibilities such as resource management. This view is 

also need to capture information flow among elements and the 

information aspects of the interfaces of the elements; 

• Component and connector view (or concurrency view). It is 

used to reason about dynamic aspects of the system such as instances of 

components, contention for resources and synchronization points; 

• Deployment view. It is used to reason about allocation to physical 

hardware. 

ADD follows a recursive design process that decomposes a system or 

system element by applying architectural tactics and patterns that satisfy its 

driving requirements. Basically, architects use two steps to design an 

architecture with ADD (Wojcik et al., 2006): choose the module to decompose 

and refine these modules. The second one has the following sub-steps: choose 

architectural drivers; choose architectural patterns that satisfies the drivers; 

allocate functionality from use cases and represent the results using views; 

define interfaces of the child modules; and, verify and refine the use cases and 

quality scenarios and make them constraints for the child modules. 

2.8.1.3 Siemens’ 4 Views 

The Siemens Four-Views (S4V) method (Soni et al., 1995), developed at Siemens 

Corporate Research, is based on the architecture practices for industrial 

systems. 

The S4V method uses four views in order to separate different 

engineering concerns (Soni et al., 1995): 

• Conceptual view. It maps the product’s functionality to a set of 

decomposable, interconnected components and connectors. This is a very 

high-level structure of the system, using design elements and 

relationships specific to the domain; 



Chapter 2 – Software Architecture: An Overview 38 

• Execution view. It describes the system’s structure in terms of its 

runtime platform elements, such as tasks, processes and threads;  

• Module view. It organizes the system in modules into two orthogonal 

structures: decomposition and layers. The first captures the way the 

system is logically decomposed into subsystems, modules, and abstract 

program units. The second one reflects design decisions based on 

allowable import/export relations and interfacing constraints;  

• Code architecture view. It is concerned with the organization of the 

software artifacts. This view makes support product versions and 

releases, minimizes effort for product upgrades, minimizes build time, 

and supports integration and testing. 

These views are developed in the context of a recurring Global Analysis 

activity (Hofmeister et al., 2005). For Global Analysis, the architect identifies 

and analyzes factors, explores the key architectural issues or challenges, then 

developers design strategies for solving these issues. 

The three categories of factors that influence the architecture are: 

organizational, technological, and product factors. Organizational factors such 

as schedule and budget apply only to the product you are currently designing. 

Technological factors limit your design choices by the hardware, software, 

architecture technology, and standards that are currently available. Product 

factors include features of your product as well as qualities like performance, 

dependability, security, and cost. 

The purpose of these categories is to help the architect identify all 

influencing factors, including not just requirements but also desired system 

qualities, organizational constraints, existing technology, and so on. These 

factors are analyzed in order to determine which factors conflict, what are their 

relative priorities, how flexible and stable is each factor, what is the impact of a 

change in the factor, and what are strategies for reducing that impact 

(Hofmeister et al., 2007). 

The next step of the method is to propose design strategies to solve the 

issues, and to apply the design strategies to one or more of the views. Strategies 

often involve applying software engineering principles, heuristics, and 

architectural patterns or styles to solve the problem. 
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This method is interesting, since it introduced the idea of having external, 

non-technical factors that influences the software architecture decisions. 

2.8.2 Architecture Evaluation Methods 
Since software architecture plays a significant role in archiving system wide 

quality attributes, it is very important to evaluate a system’s architecture with 

regard to desired quality requirements as early as possible, since it is quicker 

and less expensive to detect and fix design errors during initial stages of the 

software development. The main objective of software architecture evaluation is 

to assess the potential of the chosen architecture to deliver a system capable of 

fulfilling required quality requirements and to identify any potential risks (Li 

and Henry, 1993; Lassing et al., 1999). 

Beyond determining the quality attribute characteristics of an 

architecture design, evaluating a software architecture provides an effective 

means for understanding the tradeoffs involved in a design (Kazman et al., 

2005).  

Having the structure of a method aids to ensure that the right questions 

regarding an architecture will be asked early, during the requirements and 

design activities when problems can be solve relatively cheaply. It guides users 

of the method – the stakeholders – to find risks in the software architecture and 

aids them in determining their resolution. The benefits of such methods have 

been well established and widespread (Kazman et al., 2005). 

Most of the considered architecture evaluation methods use scenarios. 

The existing practices with scenarios are systematized in Kazman et al. (2000a). 

Scenarios are a good way of synthesizing individual interpretations of a software 

quality into a common view (Dobrica and Niemela, 2002). A scenario is a brief 

description of a single interaction of a stakeholder with a system (Kazman et al., 

2000a). 

Many architecture-centric evaluation methods have been created in the 

few past years, beginning with the Software Architecture Analysis Method 

(SAAM) (Kazman et al., 1996), which inspired the creation of other methods. 

The Scenario-based Architecture Analysis Method (SAAM) (Kazman et 

al., 1996) appeared in 1993, corresponding with the trend for a better 

understanding of general architectural concepts, as a foundation for proof that a 
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software system meets more than just functional requirements. The goal of this 

method is to verify basic architectural assumptions and principles against the 

documents describing the desired properties of an application. The fundamental 

characteristic of this method is the concretization of any quality attribute in the 

form of scenarios. SAAM evaluates a scenario by investigating which 

architectural elements are affected by that scenario. 

Next, SEI created the Architecture Tradeoff Analysis Method (ATAM) 

(Kazman et al., 2000b). This method provides software architects with a 

framework to help them understand the technical tradeoffs they face as they 

make design decisions. ATAM analyzes multiple quality attributes, such as 

modifiability, security, performance and availability.  

Enough methods have been created that at least two surveys of 

architecture evaluation methods have been written (Dobrica and Niemela, 

2002; Babar et al., 2004). These surveys have attempted to create a taxonomy 

for different evaluation methods according to criteria such as the evaluation 

technique – scenario-based, metrics-based, questionnaire-based – the number 

of quality attributes considered, whether there is tool support or an experience 

repository available, the stage at which the method may be applied, and so forth. 

Besides, Kazman et al. (2005) propose a set of criteria to be used to evaluate 

software architecture evaluation methods. These criteria could be used to 

compare methods, to help understand the suitability of a method, or to improve 

a method. 

2.9 Documenting Software Architecture 
Software architecture documentation is the main product of the architectural 

design methods. The architects register in this artifact important design 

decisions on different views, styles and patterns in order to fulfill several quality 

attributes of the system and the main functional requirements that impact the 

system. Besides, this document also serves as input for several architectural 

evaluation methods.  

In this sense, the architecture documentation should be sufficiently 

abstract to be quickly understood by new employees; it should be sufficiently 

detailed to serve as a blueprint for construction; and it should have enough 

information to serve as a basis for evaluation (Clements et al., 2002a). 
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The ANSI/IEEE-1471-2000 (IEEE, 2000) proposes a way to describe a 

software architecture. This is the IEEE Recommended Practice for 

Architectural Description of Software-Intensive Systems. This standard was 

developed by an IEEE working group and draws on experience from industry, 

academia, and other standards bodies. The recommendations of 1471 center on 

two key ideas: a conceptual framework for architectural description and a 

statement of what information must be found in any 1471-compliant 

architectural description (Clements et al., 2002a).  

In 1471, views have a central role in documenting software architecture. 

The architectural description of a system includes one or more views. In this 

framework, a view conforms to a viewpoint. In 1471, the emphasis is on what 

drives the perspective of a view or a viewpoint. Viewpoints are defined with 

specific stakeholder concerns in mind, and the definition of a viewpoint includes 

a description of any associated analysis techniques (Clements, 2005). 

Clements (2002a) lists seven rules for documenting a software 

architecture: 1. Write documentation from the reader's point of view; 2. Avoid 

unnecessary repetition; 3. Avoid ambiguity; 4. Use a standard organization; 5. 

Record rationale; 6. Keep documentation current but not too current; 7. Review 

documentation for fitness of purpose. 

2.10 Chapter Summary 
Software architecture became a respected sub-discipline of software 

engineering, since it provides an appropriate level for dealing with software 

quality. In this context, this chapter has attempted to outline the highlights of 

the software architecture practices, showing its history, definition, roles, views, 

and styles. Moreover, architecture representation, architecture processes and 

architecture documentation were also discussed.  

This overview allows having an idea of how software architecture field is 

organized and to understand what is necessary to elaborate a new architecture 

process. 

Next chapter will present about SOA, a special type of software 

architecture, in which it will be discussed its definition, roles, characteristics 

and benefits. Moreover, it will be discussed the Web Services technology and 

quality attributes in the SOA context. 



 

 

Service-Oriented 
Architecture 

 

Service-Oriented Architecture (SOA) presents an approach for building 

distributed systems that delivers application functionality as services to either 

end-user applications or other services (Endrei et al., 2004). The important 

point is that SOA is a paradigm that leads to a value system for large distributed 

systems with different owners. 

 Web Services, a SOA-based technology that has been used in industry in 

the last years, had emerged in order to construct applications that reuse services 

available in the network (Stal, 2002). A Web Service is simply an application 

that exposes a function that is accessible using standard Web technology, such 

as SOAP, XML and HTTP. This is significant because Web Services are 

developed for and deployed onto any platform using any programming language 

(McGovern et al., 2003). In this way, distributed applications development 

through the reused services of the Internet becomes faster, increasing the 

quality and decreasing product costs and delivery time (Elfatatry and Layzell, 

2004). 

The goal of this chapter is to introduce the SOA, its fundamental aspects 

and the circumstances in which its use is appropriate. In order to understand 

the emerging of this field, it will be presented the evolution of software systems 

in the aspects of physical, logical and business. Next, SOA is discussed with its 

definition, roles, characteristics, benefits and quality attributes. Moreover, Web 

Services are also argued because, currently, it is the better example of 

technology that provides a way to implement a SOA. 

3 
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3.1 Software System Evolution 
In order to understand the appearance of the SOA, it is important to recognize 

the evolution of software systems. This evolution has happened into two view 

points: physical and logical evolution (McGovern et al., 2003). The first one 

considers hardware aspects, and the second leads in consideration to software 

development paradigms. Beyond these two directions, another evolution view is 

important to understand the emergence of the SOA: the business computing 

evolution (Krafzig et al., 2004). 

3.1.1 Physical Evolution 
From the 1950s until the 1980s, the systems were developed on monolithic way. 

This development approach required that all parts of software system run on the 

same machine. There was not separation of client, application logic and data.  

By the early 1980s, modularization and component programming were 

widely recognized as the next trend in software development. In this context, 

the term “client/server” emerged in order to separate the client with application 

logic and the data over a computer network. This model is implemented with 

clients and business logic run on same machine, and the data in another 

machine, generally a DBMS (Database Management System). Hence, this 

separation was both logical and physical. However, this is not sufficient to 

improve the modularity and loose coupling among the client, business logic and 

the data. 

Figure 4 shows the monolithic model (a) and client/server architecture 

(b) in which the difference is the data separated from the client and business 

logic. 

Client
Business

Logic
Data Client

Business
Logic

Data
Protocol

(a) (b)  

Figure 4. a) monolithic model; b) client/server architecture 

In the early 1990s, the N-tier architecture emerged to overcome the 

limitations of the client/server model. This type of architecture reduced the 

coupling between the client and the business logic. In this approach, it is also 

possible to have business logic modules running on different machines. For this 
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reason, paradigms such as Component-Based Development (CBD) and 

technologies such as DCOM (Pharoah and Brooke, 2001), EJB (DeMichiel et al., 

2001) and CORBA (OMG, 2002) enabled the implementation of this model, in 

which the client communicates with the business logical tier over some protocol.  

 Figure 5 shows the N-tier architecture in which the client, business logic 

and data are separated. Moreover, the business logic also can be distributed in 

various different machines. 
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Figure 5. N-tier architecture 

With the advent of the Internet, developers could create a 

communication among different systems through independent services 

accessible over HTTP. In this chapter, we will discuss about Web Services, the 

technology that enables to implement this model. 

3.1.2 Logical Evolution 
The physical evolution has influenced in the form of software development. 

Therefore, it has enabled the sprouting of programming languages and 

paradigms. Each development paradigm occurs in part to manage greater levels 

of software complexity (McGovern et al., 2003). 

Traditionally, the main technique for managing program complexity has 

been to create more modular programs. Functions, objects, components, and 

services have allowed software developers to build units of reusable code whose 

implementations (data, behavior, and structure) are increasingly hidden from 

the consumer (McGovern et al., 2003). 

Structured Analysis was developed primarily by Tom DeMarco and it was 

published in the classic book Structured Analysis and System Specification 

(Demarco, 1978). Like its predecessor, Structured Design (Yourdon and 

Constantine, 1975), it is a hierarchical functional decomposition method. 

Structured development helps hide information about a program's 

structure and processes but does not hide details of the data within the 
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program. A standard design principle known as information hiding (Parnas, 

1972) involves limiting the knowledge one part of a program has about another 

part. This includes data, data formats, internal structures, and internal 

processes. Object-oriented development allows developers to hide program 

behavior and data inside objects (McGovern et al., 2003). 

OO programming is a development paradigm that uses "objects" to 

design applications and computer programs. It utilizes several techniques from 

previously established paradigms, including inheritance, modularity, 

polymorphism, and encapsulation (Booch, 1986). 

Objects are relatively fine-grained. Although interfaces control access to 

object internals, a large number of fine-grained objects make dependencies 

difficult to control in large applications.  

CBD emerged to build systems through the composition and assembly of 

software components and help to construct large OO applications (McGovern et 

al., 2003). The objective of component-based software engineering is to 

facilitate the architecture and design of large and complex systems. Compared 

to classes and objects, components are larger software units with well-defined 

interfaces (Jiang and Willey, 2005).  

The significant increase of abstraction and encapsulation that 

components provide are an important step towards service-orientation (Krafzig 

et al., 2004). The term “service” has been present in commercial computing for 

a long time and has been used in many different ways. Today, for example, we 

find large companies, such as IBM, promoting the concept of “services on 

demand” (Krafzig et al., 2004).  Components and services, although similar, are 

not the same; they have different design criteria and different design patterns 

(Brown et al., 2002). 

Service-oriented modeling requires additional activities and artifacts that 

are not found in traditional OO analysis and design (Arsanjani, 2004). Service-

orientation can be viewed as a distinct manner in which to realize a separation 

of concerns. The principles of service-orientation provide a means of supporting 

this theory while achieving a foundation paradigm upon which many SOA 

characteristics can be built (Erl, 2005). Erl (2005) lists a common set of 

principles most associated with service-orientation: 
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• Services are reusable. Regardless of whether immediate reuse 

opportunities exist, services are designed to support potential reuse; 

• Services share a formal contract. For services to interact, they need 

to share a formal contract that describes each service and defines the 

terms of information exchange; 

• Services are loosely coupled. Services must be designed to interact 

without the need for tight, cross-service dependencies; 

• Services abstract underlying logic. The only part of a service that is 

visible to the outside world is what is exposed via the service contract. 

Underlying logic, beyond what is expressed in the descriptions that 

comprise the contract, is invisible and irrelevant to service requestors; 

• Services are composable. Services may compose other services. This 

allows logic to be represented at different levels of granularity and 

promotes reusability and the creation of abstraction layers; 

• Services are autonomous. The logic governed by a service resides 

within an explicit boundary. The service has control within this boundary 

and is not dependent on other services for it to execute its governance; 

• Services are stateless. Services should not be required to manage 

state information, as that can impede their ability to remain loosely 

coupled. Services should be designed to maximize statelessness even if 

that means deferring state management elsewhere; 

• Services are discoverable. Services should allow their descriptions to 

be discovered and understood by humans and service requestors that 

may be able to make use of their logic. 

Table 1 shows a comparison between the development paradigms 

discussed according to some characteristics.  
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Characteristic Structured 
development 

Object-oriented 
development 

Component-based 
development  

Service-oriented 
development 

Granularity Very fine Fine Medium Coarse 

Contract Defined Private/public Public Published 

Reusability Low Low Medium High 

Coupling Tight Tight Loose Very Loose 

Dependencies Compile-time Compile-time Compile-time Runtime 

Communication 
scope 

Intra-application Intra-application Inter-application Interenterprise 

Table 1. Comparison of development paradigms (McGovern et al., 2003) 

3.1.3 Business Evolution 
There are two drivers behind SOA in the point of view of business: heterogeneity 

and change. Currently, most enterprises contain a range of different systems, 

applications, and architectures of different ages and technologies. Integrating 

products from multiple vendors and across different platforms were a 

nightmare. But it also cannot afford to take a single-vendor approach to IT, 

because application suites and the supporting infrastructure are so inflexible 

(Endrei et al., 2004). The business processes of the organization change 

constantly. In this sense, it is important that the applications can follow these 

changes.  

As a result, business organizations are evolving from the vertical, isolated 

business divisions of the 1980’s and earlier, to the horizontal business-process-

focused structures of the 1980’s and 1990’s, towards the new ecosystem 

business paradigm. Business services now need to be componentized and 

distributed. There is a focus on the extended supply chain, enabling customer 

and partner access to business services (Endrei et al., 2004). Figure 6 shows this 

explanation. 

 

Figure 6. Evolution under business perspective (Endrei et al., 2004) 
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3.2 Service-Oriented Architecture 
Several work point out that Service-Oriented Architectures has influenced the 

development of new systems. The Gartner Institute and researchers claim that 

SOA proposes to be a CBD evolution (Szyperski, 2002; McCoy and Natis, 2003). 

SOA was first proposed by Gartner Group in 1996 in a SSA Research 

Document (Schulte and Natis, 1996) as a logical evolution of loosely coupled, 

object-oriented messaging interfaces. Currently, there are a huge number of 

definitions as to what a service is, and what SOA means. Many of these come 

from vendors and are linked to the products they have to sell (Jones, 2006). 

OASIS has attempted to define a Reference Model for SOA (OASIS, 

2006) in which it helps to define the various terms that are used in the SOA. 

According to OASIS (2006), service is the means by which the needs of a 

consumer are brought together with the capabilities of a provider. Besides, 

OASIS defines SOA as a paradigm for organizing and utilizing distributed 

capabilities that may be under the control of different ownership domains. It 

provides a uniform means to offer, discover, interact with and use capabilities 

to produce desired effects consistent with measurable preconditions and 

expectations. 

In accordance with Krafzig et al. (2004) a SOA is a software architecture 

that is based on the key concepts of an application front-end, service, service 

repository, and service bus. A service consists of a contract, one or more 

interfaces, and an implementation. 

Analyzing the different definitions about SOA, we concluded that it is a 

specific type of software architecture that can be implemented with different 

technologies, such as Web Services, CORBA and Jini (see Figure 7). 

Additionally, it is necessary an appropriate development life-cycle in order to 

gain the full benefits of the SOA technology and standards.  

SOA includes practices and processes that are based on the fact that 

networks of distributed systems are not controlled by single owners. Different 

teams, different departments, or even different companies may manage 

different systems. Thus, different platforms, schedules, priorities, budgets, and 

so on must be taken into account (Josuttis, 2007). 
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Figure 7. SOA as a type of software architecture 

3.2.1 SOA Roles 
In order to understanding SOA, it is necessary to define the roles involved in 

this type of architecture. Figure 8 shows these roles, in which each entity in the 

SOA can play one or more of the three roles of service provider, consumer and 

registry. 

Service
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ind
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Figure 8. The “Find, bind and execute” paradigm (McGovern et al., 2003) 

• Service Consumer. It is the entity that consumes the service. It can be 

an application, a component or other service. It initializes the locating of 

the service in the registry, binding to the service over a transport, and 

executing the service. The service consumer executes the service by 

sending a request formatted according to the contract; 

• Service Provider. It provides the service that is invoked by service 

consumers. The service provider is a network-addressable entity that 

accepts and executes requests from consumers. The service provider 

publishes its contract in the registry for access by service consumers;  

• Service Registry. It is a network-based directory in which service 

providers publish their services and the consumers search for services; 
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• Contract. It is a contract between the service consumer and service 

provider. This contract specifies necessary information about the service, 

such as operations, pre- and post conditions, format of request and 

response from the service, and QoS (Quality of Service) information. 

3.2.2 SOA Characteristics 
SOA has a set of characteristics that makes it a special type of software 

architecture. These characteristics are the following (Brown et al., 2002; 

McGovern et al., 2003; Erl, 2005): 

Interface-based design. The most important aspect of the SOA is that 

it separates the service’s implementation from its interface. In other words, it 

separates the “what” from the “how.” Service consumers view a service simply as 

an endpoint that supports a particular request format or contract. Service 

consumers are not concerned with how the service goes about executing their 

requests; they expect only that it will (Brown et al., 2002). 

Discoverability. Services need to be found at both design and runtime, 

not only by unique identity but also by interface identity and by service type. 

Implementing discoverability on a SOA level typically requires the use of 

directory technologies (Erl, 2005), such as UDDI (Sun, 2003) of Web Services. 

Self-contained and modular. One of the most important aspects of 

the SOA is the concept of modularity. A service supports a set of interfaces. 

These interfaces should be cohesive, meaning that they should all relate to each 

other in the context of a module (McGovern et al., 2003). 

Interoperability. SOA stresses interoperability, the ability of systems 

using different platforms and languages to communicate with each other. For 

this purpose, it is necessary to provide protocols so that the roles of the SOA can 

to interoperate. The standardized communications framework provided by Web 

Services, for example, establishes the potential to promote interoperability 

among services. 

Business process oriented. Services provide a better way to expose 

discrete business functions and therefore a good way to develop applications 

that support business processes (Brown et al., 2002). The business and 

technical processes are implemented as services. Each service represents a 
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certain functionality that maps explicitly to a step in a business process (Groves, 

2005). 

Loose coupling. Coupling refers to the number of dependencies among 

modules. Loosely coupled modules have a few well-know dependencies. SOA 

promotes loose coupling between service consumers and service providers and 

the idea of a few well-known dependencies between them. Hence, SOA 

accomplishes loose coupling through the use of contracts and bindings 

(McGovern et al., 2003). 

Coarse-grained interfaces. The concept of granularity applies to 

services in two ways. First, it is applied to the scope of the domain that the 

entire service implements. Second, it is applied to the scope of the domain that 

each method within the interface implements. The appropriate level of 

granularity for a service and its methods is relatively coarse. A service generally 

supports a single distinct business concept so that it can be reused in multiple 

large, distributed systems. 

Composability. Services can use/call other services. That is, broader 

types of business functionality can be broken into smaller steps, which are 

themselves services. This is because a SOA will often contain a service taxonomy 

in order to categorize the services in accordance to their purpose. 

Currently, there are some technologies to implement SOA, however, 

almost no available technologies implement all these characteristics commented 

earlier. For example, the interoperability characteristic is implemented by Web 

Services through XML-based standard protocols. However this characteristic is 

not attended by EJB. 

Other characteristics are attended by the activity of design. For example, 

it is necessary guidelines in order to design services with characteristics of loose 

coupling and coarse-grained interfaces. 

3.2.3 SOA Benefits 
SOA adoption has some benefits due to characteristics discussed earlier. This 

list of common benefits is generalized and certainly not complete. It is merely 

an indication of the potential this architectural platform has to offer. 
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Flexibility. Every enterprise system is subject to change. It must 

continuously be adapted to new requirements due to the need of evolving 

markets, legal changes, or business reorganizations. Therefore, the architecture 

must be reconfigured in a flexible manner. The SOA characteristics enables the 

development of new business services and allows an organization to re(use) 

these services in order to respond the changes (Endrei et al., 2004). 

Maintainability. The communication between service consumers and 

providers is based on interfaces. This enhances maintainability because the 

implementation details are hidden. 

Reusability. Reusability has been a major objective of software 

engineering for decades, with varying degrees of success. In the SOA, the ability 

to compose new services out of existing ones provides a major possibility for 

reuse and a distinct advantage to an organization that has to be agile to response 

to demanding business needs. In this way, distributed applications development 

through the reused services becomes faster, increasing the quality and 

decreasing product costs and delivery time (Elfatatry and Layzell, 2004). 

Integration. Most large organizations have a highly fragmented 

application infrastructure, in which a vast number of client applications have 

been created using multiple programming platforms and communication 

infrastructures from multiple vendors. In this context, Web Services, a SOA-

based technology, can facilitate the integration among heterogeneous software 

systems since it uses interoperable protocols. Moreover, SOA is a type of 

interface-based design, enabling the integration of the applications through 

contracts between the service consumer and service provider. 

3.3 SOA and Web Services 
According to W3C, a Web Service is a software system designed to support 

interoperable machine-to-machine interaction over a network. It has an 

interface described in a machine-processable format (specifically WSDL). Other 

systems interact with the Web Service in a manner prescribed by its description 

using SOAP messages, typically conveyed using HTTP with an XML serialization 

in conjunction with other Web-related standards (W3C, 2004). 

A Web Service is simply an application that exposes a function that is 

accessible using standard Web technology and that adheres to Web Services 
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standards. This is significant because Web Services are developed for and 

deployed onto any platform using any programming language (McGovern et al., 

2003). 

3.3.1 Web Services Architecture 
There are two ways to view the Web Services architecture. The first is to 

examine the individual roles of each Web Service actor; the second is to examine 

the Web Services protocol stack. 

3.3.1.1 Web Service Roles 

Web Services are a SOA-based technology. For this reason, the roles are the 

same of the SOA: Service provider, Service consumer and Service registry. 

Firstly, the service provider develops the service and publishes it in the service 

registry. From this, the service consumer is able to find the service in service 

registry and invoke it directly in the service provider. 

3.3.1.2 Web Service Protocol Stack 

A second way to view the Web Service architecture is to examine the Web 

Services protocol stack. Currently, this stack involves four main layers: 

• Service transport: it is responsible for transporting messages among 

applications; 

• XML messaging: it is responsible for encoding messages in common 

format so that messages can be understood by the parties; 

• Service description: it is responsible for describing the public 

interface to a specific Web Service; 

• Service discovery: it is responsible for centralizing services into a 

common registry, and providing a publish/find functionality. 

Each layer comprises some standard technology. In the discovery layer 

there is UDDI; in description layer there is WSDL; in XML messaging layer 

there is SOAP; and in transport layer there is some transport protocol such as 

HTTP, SMTP and FTP. 

In next sections, it will be discussed about the SOAP, WSDL and UDDI 

standards that compose the Web Services architecture. 
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3.3.1.3 SOAP 

SOAP (SOAP, 2005) is a XML-based protocol for exchanging information over 

distributed computing environment. This protocol defines a simple model to 

envelope messages encoded in XML. The goal of this protocol is to solve 

platform and language interoperability problems. Hence, SOAP can be run over 

an existing Internet infrastructure, such as HTTP, SMTP and JXTA 

It does not matter what technology is used to implement the service 

consumer, as long as the consumer can issue XML messages. Similarly, the 

service provider can be implemented in any language, as long as it can process 

XML messages. 

A simple SOAP message consists of three main parts: 

• Envelope: it is the root of SOAP structure. It serves as a container for 

the Body and Header elements and also as an indicator to the processing 

node that the XML is a SOAP message; 

• Header: it is an optional element used to add some functionality such as 

new specifications. By adding appropriate entries in the header, context 

information relating to areas such as authentication, authorization, 

transitions, and routing may be included with the message; 

• Body: it contains the SOAP message sent from consumer to provider, or 

vice versa, i.e., it comprises the information of procedure invocation. In 

the event of an error, the body element will include a Fault element. This 

represents an exception that occurred in communication between client 

and server. 

SOAP provides two binding styles, document and RPC. The RPC style 

assumes that the provider is a procedure, and the call to the service is a remote 

procedure call, where the consumer provides the call parameters in the SOAP 

body. The parameters are wrapped in an element that specifies the procedure’s 

name. The document style makes no assumptions about how the provider will 

process the service call, which leaves more flexibility in the definition of the 

messages consumed by and produced by the service (Endrei et al., 2004). 

Another significant decision is the selection of encoding style, that can be 

encoded or literal. Encoded style is useful for interface-driven payloads. For 

encoded SOAP messages, the payload contains application data (e.g. objects and 
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primitive types), which are serialized into XML. Literal style is useful for 

schema-driven payloads. Literal style is very flexible, and should be used in 

document style endpoints where abstract XML documents are exchanged as 

messages (Mykkänen et al., 2004). 

These decisions of which category of message transmission and binding 

style are described in the WSDL archive, as we will see in next section. 

3.3.1.4 WSDL 

One of the main benefits of Web Services is to allow the loosely coupled 

architectures. To achieve this goal, the service provider and the service 

consumer should be as independent as possible. A structured service 

description is the key to enable this independence. 

WSDL (Web Services Description Language) (WSDL, 2005) is a XML-

based grammar for describing a Web Service. Such as CORBA IDL or Microsoft 

IDL, WSDL was created to define the interfaces (method signatures) and data-

types for services. In other words, WSDL represents a contract between the 

service provider and service consumer. 

Basically, the WSDL structure can be divided in two description groups: 

abstract descriptions and concrete descriptions. An abstract description 

establishes the interface characteristics of the Web Service without any 

reference to the technology used to host or enable a Web Service to transmit 

messages. For a Web Service to be executed, it needs for its abstract interface 

definition to be connected to some real, implemented technology. Because the 

execution of service application logic always involves communication, the 

abstract Web Service interface needs to be connected to a physical transport 

protocol. This connection is defined in the concrete description portion of the 

WSDL file (Erl, 2005). 

Figure 9 shows the common WSDL structure in which the elements are 

separated in abstract description and concrete description. 
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<types>: what data type will be sent

<message>: which messages will be sent

<portType>: which operations will be supported

<binding>: how messages will be sent

<service>: where services are will localized

<Definition >: root element

Abstract 
description

Concrete
description

 

 Figure 9. WSDL structure 

The category of message transmission and binding style, commented in 

the SOAP section, are specified in the message and binding elements of the 

WSDL, respectively. 

3.3.1.5 UDDI 

The Universal Description, Discovery and Integration (UDDI) Project provides a 

standardized method for publishing and discovering information about Web 

Services. 

A registry contains four types of information (McGovern et al., 2003): 

• Business entity. Every business entity holds a unique identifier, the 

business name, simple contact information, a brief description of the 

business, a listing of categories that describes and classifies the business, 

and a URL that points to additional information about the business; 

• Business service. Every business service entity includes a business 

description of the service, a listing of categories that describe and classify 

the service, and a URL to information about the service; 

• Specification pointers. Each business service entity includes a list of 

binding templates that point to additional information about a service. A 

binding template may point to a URL that provides information on how a 

service is invoked;  

• Service types. A technical model (tModel for short) defines a service 

type. Multiple businesses may offer the same type of service as defined by 

the tModel. A tModel defines the information contained for the service, 

such as the tModel name, the name of the organization that issued the 

tModel, the categories that define the service type, and pointers to 
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specifications for the service type, including interface definitions, 

message protocols and formats, and security protocols.  

Business entity information is conceptually divided into White, Yellow, 

and Green pages: 

• White pages contain general contact information about the entity; 

• Yellow pages contain classification information about the types and 

location of the services the entity offers;  

• Green pages contain information about the details of how to invoke the 

offered services. 

It is important to observe that the service discovery can happen at 

application design time or at runtime. At application design time, a human 

designer, through a browser or other user interface, performs a find operation 

on a service registry, examines the result of the find, and incorporates the 

service description returned by the find into application logic. At runtime, the 

application itself issues a find operation against the service registry to locate one 

or more service implementation definitions that match the service interface 

definition used by the application. Based on application logic such as best price, 

best terms, and so on, the application chooses which Web Service from among 

the results of the find operation to invoke, extracts network location and other 

information from the service implementation definition, and invokes the Web 

Service (Graham et al., 2001). 

3.4 SOA and Quality Attributes 
Choosing an architecture that satisfies the functional and the quality attribute 

requirements is vital to the success of a system. Nevertheless, the requirements 

that will shape the architecture design are the quality attribute requirements. In 

this context, it is important to understand how a SOA supports different quality 

attributes and what are their implications to create successful designs (O’Brien 

et al., 2007). In this sense, next subsections describe some quality attributes 

that must be considerate to create an architecture design description for SOA. 

Moreover, it is important in the SOA to define the non-functional, or 

quality attribute, requirements of services separately from their functional 
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requirements because different applications use services in different non-

functional contexts. The separation of functional and non-functional 

requirements improves the reusability of services in different non-functional 

contexts (Wada et al., 2007). 

3.4.1 Interoperability 
Interoperability refers to the ability of a collection of communicating entities to 

share specific information and operate on it according to an agreed-upon 

operational semantics (Brownsword et al., 2004). This quality attribute is 

related to the platforms, languages, and protocols that service can support. 

Distributed systems have used different technologies in order to provide this 

feature, such as RMI and sockets for communication. However, these 

technologies do not provide an affectively interoperability on a worldwide scale 

since they do not use a universal protocol (O’Brien et al., 2005). On the other 

hand, Web Services technology supplies the SOAP, which establishes 

communication on heterogeneous environment. Hence, any system can develop 

an interoperable communication layer in any programming language; it is 

enough to implement the SOAP specification.  

However, Web Services development platforms do not implement the 

same standards and the same versions, so interoperability may not be a 

seamless in practice as it is in theory (O’Brien et al., 2005). In this sense, the 

Web Services Interoperability Organization (WS-I) was chartered in 2002 to 

promote the interoperability amongst the stack of Web Services specification. 

3.4.2 Performance 
Performance can have different meanings in different contexts. In general, it is 

related to response time (how long it takes to process a request), throughput 

(how many requests overall can be processed per unit of time), or timeliness 

(ability to meet deadlines, i.e., to process a request in a deterministic and 

acceptable amount of time (O’Brien et al., 2005).  

This quality attribute is one of the major problems in the SOA for some 

reasons. First, SOA involves distributed computing, i.e., services are distributed 

in different machines and containers. Besides, generally the services are found 

in the Internet, where do not guarantee deterministic latency. Second, it is 
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normal to have many intermediates in architecture. One example of this, it is a 

service directory, which the consumer firstly needs to find the service and after 

of this, it can invoke in the service provider. This process increases the total 

time need to perform the transaction. Third, the use of standard messaging 

format, such as XML, increases the time needed to process a request. In spite of 

providing interoperability, XML messages can be 10 to 20 times larger then 

equivalent binary representation (O’Brien et al., 2005). Therefore, XML 

processing requires of at least three activities: parsing, validation and 

transformation. These activities produce a major overhead in performance. 

Some techniques and best practices can be applied in order to increase 

the performance. The main of these, it is to choose the best level of granularity 

of the services. Fine-grained messages result in increased network traffic and 

make handling errors more difficult. Then, the architect must designs coarse-

grained interfaces in order to minimize the network traffic. Other principle of 

service-orientation is that service must be stateless. It can reduce the amount of 

information transferred among components by maintaining state at the server.  

Replication is another mechanism to improve performance. Replication 

for performance is important when the system needs to scale in numbers and 

geographical area (Tanenbaum, 2002). In that case, performance can be 

improved by replicating the server and subsequently dividing the processing of 

consumers requests.  

3.4.3 Security 
Several times, it is necessary to guarantee the security of data that are been 

transmitted on network. Different security policies and mechanisms are defined 

to provide this security.  

Security solutions in Web Services can be implemented on several levels, 

including transport layer and message. Security solutions depend on whether 

the level of interoperability is local or global (Mykkänen et al., 2004). 

In Web Services context, in which HTTP is widely used, it is necessary to 

guarantee a secure channel between service consumer and service provider. 

Hence, it can be used HTTPS, an extension of HTTP that uses transport-layer 

security by layering HTTP on top of SSL. This approach has two limitations. 

First, only the connection is secured, not the data itself. This means that while 
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the data is in transit, it will be secure. But, at the point it reaches the destination 

or any intermediary, the information is not protected. For SOA, protection at 

the destination is vital because the data could be processed by many 

intermediaries. The other limitation is that it is impossible to selectively control 

what specific data is encrypted and who might be authorized to view it (Peltz, 

2003). 

Another secure approach in Web Services is message-level security. In 

this approach, message exchanges between senders and receivers can be 

encrypted to preserve confidentiality. For example, SOAP message, its headers, 

or body, or only some elements can be encrypted (Kunisetty, 2002). Compared 

with the transport-based security schemas, to incorporate security into the 

SOAP message provides several important advantages in Web Services 

architecture. First, the interoperable nature of SOAP allows it to use a variety of 

transport protocols, including HTTP, SMTP, and others. Second, the message is 

secure same if it has several intermediate points (McGovern, 2003). 

In 2002, IBM, Microsoft, VeriSign, and other organizations proposed 

Web Services Security (WS-Security) as a comprehensive security model for 

Web Services. WS-Security (OASIS, 2004) defines a standard set of SOAP 

extensions that can be used to provide message content integrity and 

confidentiality. It accommodates a variety of security models and encryption 

technologies and it is extensible to support multiple security token formats. WS-

Security includes some XML available standards of the W3C: XML-Signature 

(W3C, 2005b) and XML-Encryption (W3C, 2005a), in order to provide data 

integrity and authentication, and encrypting/decrypting data, respectively. 

3.4.4 Reliability 
In distributed system context, it is necessary to attempt to guarantee that a 

specific service will be performed by provider. In the worst hypothesis, the 

requestor must be notified that a service was not performed with success. In 

other words, reliability is the ability of a system to keep operating over time 

(Clements et al., 2002b). 

 For communication about service requests among two components, the 

reliabilities that have been suggested in the distributed system literature are 

(Emmerich, 2000; Emmerich, 2002): 
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• Best effort. It is an attempt of the best effort. Service request do not 

give any assurance about the execution of the request; 

• At-most-one. The requests are guaranteed to execute only once. It may 

happen that they are not executed, but then the requester is notified 

about the failure; 

• Least-once. The requests are guaranteed to be executed, possibly more 

than once; 

• Exactly-once. It is the highest degree of reliability which the requests 

are guaranteed to be executed once and only once. 

Several aspects of reliability are important within a SOA, particularly the 

reliability of the messages that are exchanged between the application and the 

services, and the reliability of the services themselves. Applications developed 

by different organizations may have different reliability requirements for the 

same set of services (O’Brien et al., 2005). 

The reliability within Web Services can be related to transport protocol 

that is been used in communication. For example, a Web Service that uses 

HTTP protocol will have a mechanism of delivering based on best-effort. 

Another approach in order to attempt guarantee a major reliability is to use 

asynchrony message queues or to use reliable transport protocols such as REST 

and HTTPR (Sumra and Arulazi, 2007). 

On the other hand, two specifications – WS-Reliability and WS-

ReliableMessaging – address these issues and the task of defining protocols 

that enable services to ensure the reliable, interoperable exchange of messages 

with specified delivery assurances. WS-ReliableMessaging provides a 

framework capable of guaranteeing that service providers will be notified of the 

success or failure of message transmissions; and that messages sent with 

specific sequence-related rules will arrive as intended (or generate a failure 

condition) (Erl, 2005). 

Other important mechanism to improve the reliability is the concept of 

fault tolerance. Whenever a failure occurs, the system could continue to operate 

in an acceptable way while repairs are being made, i.e., it should tolerate faults 

and continue to operate to some extent even in their presence (Tanenbaum, 

2002). One way to implement fault tolerance is over replication mechanism. 
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Multiple instances of the same service can be registered in service registry, 

making possible the consumer to choose the best one. 

3.4.5 Location Transparency 
An important goal of a distributed system is to hide the fact that its processes 

and resources are physically distributed across multiple computers. A 

distributed system that is able to present itself to users and applications as if it 

was only a single computer system is said to be transparent (Tanenbaum, 

2002). 

Services must be location transparent. In other words, they must be able 

to be located anywhere and then be discovered and used by other services or 

applications dynamically. Location transparency is a key characteristic of the 

SOA (McGovern, 2003). SOA provides a mechanism for location transparency 

using service registration. This location transparency is possible because there is 

separation of implementation from interface of service.   

In Web Services, UDDI standard performs this role. Hence, service 

consumers do not necessarily know the physical location of the service until 

they look it up in the registry.  

This feature affects negatively and positively the performance. 

Negatively, because it increases the total time to perform a service since the 

service consumer needs to locate the service for invoking after. Positively, 

because a consumer can choose a provider that has the best response time. 

Furthermore, this attribute improves the availability, since it is possible to have 

multiple service instances in different locations (replicas) without the 

consumers’ knowledge, improving the availability of the system. 

3.4.6 Availability 
The availability of a system is the probability that it will be operational when it 

is needed (Bass et al., 2003). In other words, availability indicates the period of 

time which a service exists or is available for use. 

Availability of services both from the consumer’s and provider’s 

perspectives is a concern for the success of a SOA (O’Brien et al., 2005). If some 

service becomes unavailable for the consumer, it could have dire consequences 
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on the success of the system. Besides, the provider’s reputation could be 

impacted negatively. 

Service providers generally agree to provide to the service consumers, a 

set of services and to include in each service a SLA (Service-Level Agreement), 

which specifies the obligations of the parties involved. A SLA also specifies the 

measures to be taken in case of deviation and failure to meet the asserted 

service guarantees, such as availability, response time and throughput. In Web 

Services, for example, there is a specification named WSLA (IBM, 2003). An 

SLA in the WSLA language contains three sections: a section describing the 

parties, a section containing one or more service definitions and the section 

defining the parties' obligations.  

One way to improve availability is to implement replication mechanism. 

The replication offers more availability because even if a server, that performs a 

replicated service, crash, the service can be performed by other server. 

3.4.7 Scalability 
Worldwide connectivity through the Internet is rapidly becoming as least as 

common as being able to invoke services in multiple providers anywhere around 

the world.  

The major issue in the SOA scalability is the ability of the server where 

the services are located to accommodate an increasing number of service users 

without performance degradation (O’Brien et al., 2007). However, little work 

that aim to address this problem related to SOA are found in literature. 

Mechanisms to improve scalability on the server provider side include 

(Zimmermann et al., 2003): 

• Horizontal scaling: Add new hardware, making load-balancing; 

• Vertical scaling: Upgrade the hardware, increasing the capacity of a 

server. 

One problem of scalability in Web Services is the question of UDDI to be 

centralized. This characteristic decreases the scalability, since that a unique and 

centralized server may have problems to perform all requests. In this sense, 

researchers have investigated the adoption of distributed service registries. One 

of these efforts is the use of Grid computing and P2P (Peer-to-Peer) in services 

discovery. With the advent of grid computing, the scalability issue with UDDI 
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will become a roadblock that will prevent its deployment in grids. Grid discovery 

services provide the ability to monitor and discover resources and services on 

grids (Banerjee et al., 2005; Talia and Trunfio, 2005; Götze et al., 2006). 

3.4.8 Modifiability 
Modifiability is the ability to make changes to a system quickly and cost-

effectively (Clements et al., 2002b). 

A system’s degree of coupling directly affects its modifiability. The more 

tightly coupled a system is, the more a change in a service will require changes 

in service consumers (McGovern, 2003). Hence, in order to increase the 

modifiability of the overall system in the SOA, it is a good practice to design 

loosely-coupling services, increasing the independence of them. The idea is that 

services must be dependent only of interfaces. In this case, if a provider changes 

the interface of his service, the consumer will have to change your module or to 

find another service that has the same interface of the changed service.  

3.4.9 Testability 
According to IEEE standard (IEEE, 1990), the term “testability” refers to “the 

degree to which a system or component facilitates the establishment of test 

criteria and the performance of tests to determine whether those criteria have 

been met; and the degree to which a requirement is stated in terms that permit 

the establishment of test criteria and performance of tests to determine 

whether those criteria have been met”. 

The testing of a service by its own developers has similarity with the 

testing of software components. Many existing work on software component 

testing (Freedman, 1991; Councill, 1999; Beydeda and Gruhn, 2003; Gao et al., 

2005) can be applied or adapted to take special consideration of the Web 

Service standard into consideration (Zhu, 2006). 

Some reasons that can grow difficult the testing of a system that uses a 

SOA are (O’Brien et al., 2005; Sai et al., 2006; O’Brien et al., 2007): 

• The tester may not be able to access the services’ source code, since the 

services may be running on external entities; it has only the service 

interface description. In this case, only black box test can be realized; 
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• Services can be composed by other services, running in several machines 

with different contexts; 

• Services may be discovered at runtime, so it may be impossible to predict 

which service or set of services is actually used by a system until the 

system is executing; 

• Usually, in Web Services solutions, development tools try to protect 

developers from the task of dealing with XML-based standards of Web 

Services (WSDL and SOAP). However in practice Web Services 

programmers need to understand the structure of XML used in solution 

in order to test and to solve some problems. 

3.4.10 Adaptability 
Adaptability means the case with which a system may be changed to fit changed 

requirements. When the process logic changes, the context under which services 

are used and composed may change as well (Erl, 2005).  

Orchestration abstracts workflow logic, positioning it outside of service 

boundaries. This increases agility by allowing changes to business rules to be 

made without affecting business or application services (Erl, 2005).  

3.4.11 Reusability 
Services can play a significant role in improving software reusability within 

organizations. Services can wrap legacy applications, databases, objects, and 

components and expose them as reusable services (McGovern, 2003). The 

likelihood of reusability depends on several factors that Web Services improve 

on: interoperability, modularity, central registry, and reduced compile-time 

dependencies. 

In order to reuse services there should exist efficient ways to search and 

recovery them. Moreover, it is important to have a well-organized repository 

containing services with some means of accessing it. In Web Services, UDDI 

makes the role of central repository in order to provide an interface to 

consumers find the services. Some work extended the UDDI in order to provide 

a ranking mechanism to improve the Web Service reuse (Ambrosi et al., 2005).  
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Only easy access to existent services does not necessarily increasing of 

reusability. Reusable services should be carefully specified, designed, 

implemented, and documented. 

An organization that moves ahead with a SOA approach must determine 

whether develops that required services internally or use those developed 

outside of the organization. Internally, the organization can reuse services or 

develop from scratch from legacy components. But, if an organization may not 

have the resources or expertise to develop services internally, it gets the 

functionality needed for its applications from outside vendors (O’Brien et al., 

2005).  

3.5 Chapter Summary 
SOA is a type of software architecture that has special characteristics. This 

chapter discussed about the SOA field describing its definition, roles, 

characteristics and benefits. Web Services, that is a technological choice to 

implement a SOA, was also discussed.  

Moreover, quality attributes such as interoperability, performance, 

security, reliability, location transparency, availability, scalability, modifiability, 

testability, adaptability and reusability were also discussed in this chapter. This 

analysis about quality attributes can help the architects in the choice of 

solutions to design a SOA description.  

 It was perceived that it is necessary technological and non-technological 

(processes, techniques and guidelines) aspects to implement a SOA with all the 

characteristics, benefits and quality attributes listed in this chapter.  

 Next chapter will present a new SOA-based software architecture process 

for enterprise applications. This new process was based on some software 

architecture foundations and SOA features seen in this chapter and Chapter 2. 



 

 

A SOA-based 
Software 
Architecture Process 

 

A process can be understood as a collection of related tasks leading to a product 

(Ezran et al., 2002), or simply, a way of defining specifically who does what, 

when, and how (Fayad, 1997). 

As widely discussed in the previous chapter, SOA is a special type of 

software architecture that requires an effective process in order to gain the full 

benefits of this emerging paradigm. The challenge for the SOA architect is to 

identify and categorize services accordingly, taking many aspects into 

consideration, including business and process requirements, the existing 

application landscape, make-versus-buy decisions, SOA design considerations, 

and so on (Krafzig et al., 2004). 

This chapter presents the proposed process for SOA-based enterprise 

applications as well as the foundations, roles, phases, activities, sub-activities, 

inputs, outputs and techniques used.   

4.1 The Foundations 
A software development process can be understood as the set of activities 

needed to transform a user’s requirements into a software system. The way it is 

done can change from process to process. In this sense, all type of process is 

based on some foundations (Almeida, 2007). In this section, the foundations 

used to elaborate the process are presented. 

Quality attributes oriented. Quality attribute requirements are the 

means by which a system is intended to meet its business goals. These 

requirements must be recognized and considered early in the life cycle and the 

4 
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system and the software architectures must be designed so that their quality 

attributes are met (Barbacci et al., 2003). In this sense, the process supplies a 

specific activity to elicit these quality attributes in order to address them 

through different views. 

View-oriented description. Software architecture is a complex entity 

that cannot be described in a simple one-dimensional fashion (Bass et al, 2003). 

Since there are several goals for different people involved in a software project, 

it is important to represent the system structure upon different views. Thus, the 

process proposes several views to represent different concerns of the SOA. 

Architecture evaluation. Since software architecture plays a 

significant role in archiving system wide quality attributes, it is very important 

to evaluate a system’s architecture with regard to desired quality requirements 

(Clements et al., 2002b). Hence, the process proposes a specific activity for 

evaluating the SOA in order to verify if the architectural decisions are 

addressing the quality attributes. However, an existent method is suggested in 

this activity. 

Business process oriented. Services provide a better way to expose 

discrete business functions and therefore an excellent way to develop 

applications that support business processes (Brown et al., 2002). In this 

context, the process considers and analyzes the enterprise business processes in 

order to identify the services of the SOA. 

Design by contract. The most important aspect of the SOA is that it 

separates the service’s implementation from its interface. In other words, it 

separates the “what” from the “how” (McGovern et al., 2003). To successfully 

use a service, both the consumer and provider need to understand the contract 

— what the implementation agrees to do for the consumer (Meyer, 1997). In this 

way, the proposed process makes possible the definition of the service contract, 

in which the consumer and provider should agree with it. 

Service-orientation principles. Service-orientation can be viewed as 

a distinct manner in order to perform separation of concerns. The service-

orientation principles provide a means of supporting this theory while achieving 

a foundation paradigm upon which many SOA characteristics can be built (Erl, 

2005). Thus, the service-orientation principles are considered in the service 
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interface definition and other design activities in order to maintain the SOA 

foundations. 

Multiple development teams. From the perspective of the 

development process, the main benefit of using a SOA is that it allows for a high 

degree of modularity. This characteristic permits that the services can be 

implemented for diverse and different teams (Krafzig et al., 2004). In this sense, 

the process is organized so that it will make possible the division of work in 

multiple teams to implement the services. In this way, each team must respect 

the service contract and their quality attributes. 

Systematic sequence of activities. The systematic sequence of 

activities must be logical and applied in practice in order to guide the architect 

in the architecture process.  

4.2 The Roles 
In the elaboration of the proposed process, the activities were defined before the 

roles. However, the roles will be presented first in order to provide a better 

understanding when the activities will be explained. 

A role defines the behavior and responsibilities of an individual or of a 

group of individuals working together as a team. The behavior is expressed in 

terms of activities the role performs, and each role is associated with a set of 

cohesive activities (Kruchten, 2003). Table 2 shows the roles of the proposed 

process. The roles can be separated in the following groups:  

• Enterprise business team: They are the roles of people who have an 

overall view of the enterprise business; 

• Business area team: They are internal or external people of the 

enterprise that are interested on providing or consuming some service. 

This group can be divided in two subgroups: 

o Service development team: They are the roles related to services 

development, i.e., the team that will design and implement 

individual services; 

o Business specialist team: They are the roles of business specialists 

of some enterprise business area. 
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Group Role  Description 

Enterprise manager 
Person who knows the enterprise business 
as a whole and manages the integration of 
business area teams Enterprise business team 

SOA Architect 
Specialist that knows about SOA 
concepts and technologies.  

Service 
development 

team 
- 

The team (developer, architect, testers, 
and so on) that will design and develop a 
service 

Application architect 
System architect of some internal or 
external area of enterprise that will 
provide or consume some service 

Business Analyst 

Person responsible for business processes 
of the some internal or external area of 
enterprise that will provide or consume 
some service 

Business 
area team Business 

specialist 
team 

Business Manager 
Person who manages an enterprise 
business area 

Table 2. Roles of the proposed process 

 The roles of service development team were not specified because they 

act in the Service Design phase. 

4.3 The Stakeholders 
A stakeholder is a person, group of persons, or organization that has a vested 

interest in the application and that share a common set of concerns in the 

application. The creation and refinement of the architectural description are the 

center of all software architecting activities; therefore, the architectural 

description serves as the medium for communication design decisions among 

stakeholders. This communication is through the actual models that comprise 

the architectural description (Albin, 2003). 

Not all stakeholders are interested in all models. Most non-engineering 

stakeholders will not understand most of the design models. In order to select 

the appropriate views and models to create, we must first identify who the 

stakeholders are and what their primary concerns about the application are 

(Albin, 2003). 

At a minimum, the stakeholders identified shall include the following 

(ISO/IEC 42010, 2007): users of the system; acquirers of the system; developers 

of the system; and maintainers of the system. 

In the context of proposed process, the stakeholders can be seen under 

two levels: enterprise and service. The first one is the people concerned with the 

models that represent some aspect of the SOA as a whole, such as the enterprise 
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manager and SOA architect. The second one involves people concerned with the 

models of some specific service. In this case, there are two points of view: 

service consumer and service provider. For each point of view, there are a set of 

traditional stakeholders involved such as project manager, development team, 

quality assurance team, software architect, hardware architect, maintainer, and 

so on.   

4.4 Phases 
Development teams in a SOA-based enterprise project can be decoupled, such 

that each team is responsible for implementing a specific list of services. The 

teams must focus on the agreement of service interfaces (Krafzig et al., 2004). 

In order to fulfill the requirement of having multiple development teams, 

the process is composed by two phases: SOA Definition and Service Design. 

The first one has activities related to the architecture definition of the SOA-

based enterprise system, in which, beyond the SOA architect, all responsible for 

providing and consuming services take part in this phase. The second one aims 

to design the services identified in the SOA Definition phase. In this case, each 

service is designed by the team responsible for providing the service. As it can 

be seen in Figure 10, the SOA architect participates in the activities of the SOA 

Definition phase along with all business specialist teams of business area teams 

(A, B and C), and in the next phase of Service Design, each service development 

team of business area team is responsible for specifying and developing your 

own services. The business area teams may be local or disperse in the 

enterprise, and they have autonomy to develop their services, for example, to 

choose the design strategies and programming language that will implement it. 

This dissertation is focused on the SOA Definition phase. For this reason, 

this dissertation aims to detail only this phase. In the Service Design phase, it 

can be used a traditional architecture process to design the individual services. 
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Figure 10. Phases of the proposed process 

The design level of the architecture in the SOA Definition phase is higher 

than found in the Service Design phase because it is working only on service 

level granularity. On the other hand, in the Service Design phase it is working 

on low-level design because it is necessary to specify how the services will be 

implemented, and for that, a low-level of granularity such as components and 

classes are used. 

The proposed process is not associated with none development life-cycle 

model, for example, cascade, spiral and iterative models. In this sense, it must 

be analyzed the performing of activities in accordance with the project context.  

In order to avoid misunderstanding, an example of a simple SOA-based 

enterprise application will be presented describing some activities of the 

process. 

The example is a travel agency that wants to develop a new enterprise 

system. This travel agency has several departments, but we are considering only 

two: sales and financial. Each department has its own business application and 

its own software development team. The first one is responsible for selling the 

travel packages for the customers. This package can include hotel, flight and a 

rental car. The second one is responsible for registering the payment of the 

customers. 

Figure 11 shows the current architecture of this travel agency, in which 

the worker of sales department needs to use different web applications to access 

each business partner’s information. Besides, the sales department application 

is not integrated with the financial department application. 
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Figure 11. Current architecture of travel agency example 

Figure 12 shows a new SOA-based architecture to the travel agency 

example, in which the business partners and the departments will provide 

business services. The services of sales and financial department can be 

provided by implementing new services or legacy applications. This new 

architecture has the following requirements: 

• To allow that business partners (rental car companies, flight companies 

and hotels) can register their services in service registry of the new 

system, enabling the discovery and invocation them by the applications 

of the sales department; 

• To integrate the sales department with the legacy system of financial 

department. 

Additionally, the possible use cases of this new system are the following: 

1) Make hotel reservation 

2) Make flight reservation 

3) Make rent car reservation 

4) Make payment 
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Figure 12. New SOA-based architecture to the travel agency example 
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4.5 SOA Definition Phase 
This phase aims to identify the services and to design the SOA as a whole in the 

high-level description, working as a guide to the service development teams in 

the next phase of Service Design.  

The activities of this phase were based on analysis done by surveys 

(Gorton, 2006; Hofmeister et al., 2007), in which they analyzed existent 

architecture processes in order to define the main activities of an architecture 

process. In spite of this base, these activities were adapted to reflect the 

particularities of the SOA. Briefly, the three activities are the following: 

• SOA Analysis: The services are identified as well as the consumers and 

providers. Besides, the quality attributes of the SOA and of the specific 

services also are identified;  

• SOA Design: The service contracts are specified and it was decided if 

these services will be reused or developed. Moreover, the views are 

created in order to address the quality attributes of the SOA and of the 

services, and the SOA documentation is produced; 

• SOA Evaluation: The architecture description is evaluated in order to 

verify if it is capable of fulfilling required quality requirements and to 

identify any potential risks. 

This dissertation defines sub-activities for the two first activities and uses 

an existent evaluation method for the third activity. These considerations will be 

seen in details in the next subsections. 

In spite of the process to suggest some technique for each sub-activity, 

these sub-activities were elaborated aiming flexibility, enabling the use of any 

technique. 

4.5.1 SOA Analysis Activity 
As it is already mentioned in the previous section, this activity has the objective 

to identify the services and the respective consumers and providers as well as 

the quality attributes for each service and for the SOA as a whole.  

Figure 13 shows the sub-activities of the SOA Analysis activity with their 

inputs, outputs and roles involved. Each sub-activity is explained in the next 

subsections. 
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As it was explained earlier, this activity is not necessary cascade. It can be 

associated to any development life-cycle model. 

 

Figure 13. Sub-activities of the SOA Analysis activity 

4.5.1.1 Identify Service Interfaces 

This is one the most important concerns in service-oriented design. This sub-

activity aims to uncover the services that will compose the SOA. For this 

purpose, this work proposes the Service Identification Workshop (SIW) 

technique. The SIW provides an opportunity to get together the business areas 

to provide input about their needs and expectations with respect to services that 

are of particular concern to them. For this purpose, the business specialist team 

and enterprise business team will realize one or more meetings in order to 

identify the service interfaces of the SOA. 

Figure 14 shows the business analysts and the application architects of 

each business area of enterprise who have only knowledge about their own 

business, and the SOA architect, which works as a facilitator in the workshop. 
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Figure 14. The SIW schema 

Additionally, the SIW combines the business process modeling and 

design by contract techniques. Business process modeling is important to 

understand the keys of integration among different business areas. Moreover, 

service-oriented design focuses on business processes. Hence, the business 

processes serves as basis for the service identification.  

Design by contract (Meyer, 1997) is used to describe the services. In this 

sense, this technique describes the responsibilities of the services, by describing 

the preconditions, post-conditions, and parameters for each service invocation. 

This is the most important aspect of documenting a service, so that it can be 

easily used and reused. Preconditions express the constraints for a service to 

operate properly, and the post-conditions express the state of the service after it 

has been invoked successfully. This defines the benefits and obligations for the 

provider and consumer of the service: the contract. If the obligations are not 

fulfilled, then the contract has been broken (Apperly et al., 2003). 

To help the service identification and to represent them, it is used an 

interface-oriented modeling technique. In the process it is used an adaptation of 

Garland and Anthony (2003) work because it is a simple technique to identify 

domain classes and their operations in the object-orientation design with UML 

notation. For this purpose, two intermediary viewpoints (or models) are used. 

The first one defines a set of associated classes with the actors, attributes and 

methods and the second one identifies the class-to-class and class-to-actor 
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interactions involved in a specific scenario, generally an use case. In this 

proposal, these models were adapted for identification of services. 

The idea is to use a top-down approach to decompose the services from 

the business process models. Additionally, the technique also uses the bottom-

up approach to identify functionalities of legacy systems for integration. Figure 

15 shows this idea. Business services (S1, S3 and S5) are uncovered based on 

business process models and application services (S1, S2, S4 and S6) can be 

created from existent applications, making possible the reuse of their 

functionalities. In some cases, one activity of business process model represents 

an existent functionality in the legacy system (S1 and S5).  
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Figure 15. Top-down and Bottom-up approaches 

Since the goal of this sub-activity is to uncover the services of the SOA, 

other interface-oriented techniques or methods can be used, such as CBD 

approaches like UML Components (Cheesman and Daniels, 2000) and Catalysis 

(D’Souza and Wills, 1998). Besides, OO techniques and methods also can be 

used. In these cases, the granularity also must be considered and adapted to 

service approach.  

Figure 16 shows the six steps of SIW: 1) Plan SIW; 2) Introduce SIW; 3) 

Present business area; 4) Create business process models; 5) Identify service 

interfaces; and 6) Present and Validate the results. These steps are detailed in 

the next subsections. 
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Figure 16. Steps of SIW 

Plan SIW. Firstly, the SIW must be planned. For this purpose, the SOA 

architect analyzes the business areas, studying the macro characteristics of each 

one. In this sense, he can analyze documents available about the business area, 

existent systems, and new systems such as business process models, 

requirements and use cases.  

Introduce SIW. In this step, the SOA architect explains the motivation 

for the SIW and describes each step of the technique for the participants. 

Moreover, it must be presented the stimulus to use SOA for the enterprise, 

showing the benefits of this architecture solution. These participants can be 

internal or external business partners of enterprise that can make part of the 

SOA. In the travel agency example, the participants are only the business 

specialist teams of sales and financial departments, since there are several 

external, dynamic business partners (flight companies, rental car companies 

and hotels). 

Present Business Area. Each business specialist team, composed by 

the business manager, business analyst and application architect, must present 

its business area, showing the main business processes, responsibilities, 

functionalities of existent and new systems, and so on. Moreover, each business 

manager must take clear about its business drivers for using services of another 

business area. 
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In summary, the goal of this step is that the other business specialist 

teams and the enterprise business team can understand about the business area 

of each other, and identify the functionalities of the systems in order to visualize 

the points of integration. In this sense, during the presentation of a business 

specialist team, the other teams and the SOA architect must identify these 

points of integration, registering the business processes and functionalities that 

they will need of this team.  

Create Business Process Models. A Service-oriented design focuses 

on business processes, which it considers to be reusable building blocks that are 

independent of applications and the computing platforms on which they run 

(Papazoglou and Heuvel, 2006). 

There is no standardized means of modeling business services. As with all 

other aspects of the SOA, there are plenty of opinions, and though many have 

ideas, few concrete methodologies have emerged (Erl, 2005). 

The idea of this step is to create new business processes or remodel the 

existent ones of each business area in order to represent them in the most 

granular representation of processing steps. This idea is the same found in the 

Erl’s approach (Erl, 2005) in which it aims to take the business process and 

break it down into a series of granular process steps in order to identify the 

services based on them. 

Besides, these business processes must represent the points of 

integration among the business areas identified in the prior step. For that, it is 

important the participation of a business specialist that understands well the 

flows of the business processes.  

For this purpose, the SOA architect must conduct this step, listing the 

main activities that each business area performs. These activities can be only 

business activities or functionalities of existent systems. After that, each activity 

must be decomposable into small granular step as possible. Then, each business 

area specifies what activities it needs to be integrated. Finally, the business 

processes model area created by the SOA architect along with all. 

Figure 17 and Figure 18 show the business process models of the travel 

agency example. In the make flight reservation process the actors are: 

application, sales department and flight company partners.  
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In spite of being possible to use any Business Process Modeling technique 

(Eriksson and Penker, 2000; Roser and Bauer, 2005) in this step, it is being 

considered an UML activity diagram to represent the processes. 

 

Figure 17. Business process model of making flight reservation process 

 

Figure 18. Business process model of the payment process 

In the payment process, the actors identified are: application, sales 

department and financial department. Some business activities can be 

functionalities of some existent system or new functionality for a new system. 

For example, in Figure 18, the activity “solicit the verification of credit card 

authorization” is a manual activity that can be a new functionality, and the 
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activity “verify the credit card authorization” is an existent functionality of the 

legacy application of financial department.  

Identify Services Interfaces. Since the business process models have 

been created or refined, the services can be captured. This step also is conducted 

by the SOA architect that along with the business specialist teams will decide 

what activities identified in previous step will be considered software services. 

For this purpose, Analysis Structural Models and Analysis Interaction Models 

are created to represent these services. The first ones are UML class diagrams in 

which the classes represent the services and the actor represents the service 

consumers. The multiplicity in the association is used to represent the possible 

quantity of providers and consumers involved in the interaction.  

It must be created one or more Analysis Structural Models for each 

business process model. For each business process model, it must be analyzed 

the business activities in order to uncover the services. 

In the travel agency example, the service consumer is the application, and 

three services are uncovered (see Figure 19): Sales Service, Discovery Service 

and Flight Company Service. The first one has the business activities of the 

sales department. The second one is responsible for handling the service 

discovery of business partners and the third one is the service that will be 

implemented by the flight company partners. As can be seen in the Figure 19, 

the consumer Application will use only one Discovery Service and multiple 

Flight Company Services. The stereotype service is used in the class box in 

order to represent the service.   

 

Figure 19. Analysis Structural Model of the Travel Agency example for making 
flight reservation process 

Analysis Interaction Models are UML sequence diagrams that represent 

the interaction among the identified services in order to uncover the operations 

of these services interfaces.  



Chapter 4 – A SOA-based Software Architecture Process 82 

Such as the Analysis Structural Model, it must be created one or more 

Analysis Interaction Model for each business process model. 

Figure 20 shows the sequence diagram that represents the Analysis 

Interaction Model of the example. In this diagram, the actor and the services 

identified in the Analysis Structural Models are put in the sequence diagram in 

order to uncover the operations involved in the interaction.  

 

Figure 20. Analysis Interaction Model of the travel agency example for making 
flight reservation process 

The Analysis Structural Models and Analysis Interaction Models are 

iterative steps. In this sense, after identifying the operations in the Analysis 

Interaction Models, the Analysis Structural Models are updated. Hence, the 

Analysis Structural Model of the example is updated as shown in the Figure 21. 

 

Figure 21. Analysis Structural Model for the flight reservation process updated 
after identifying the operations in the Analysis Interaction Model 

After creating of Analysis Structural Models and Analysis Interaction 

Models, it is necessary consolidate all the services identified in the unique 

model. For this purpose, the Analysis Service Model is used. It is an artifact 
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derived from a series of Analysis Structural Models. Figure 22 shows this 

schema. 

 

Figure 22. The elaboration of Analysis Service Model based on Analysis Structural 
Models (Adapted from Garland and Anthony (2003)) 

Figure 23 shows the Analysis Service Model produced from the identified 

services in the Analysis Structural Models. It was used an UML class diagram, 

representing the services identified and the relationship among them. In 

addition, a service description table must be created with the following 

information: service name, potential consumers, potential providers, 

operations, preconditions and post-conditions for each service. A brief 

description can be added for each one of them.  

 

Figure 23. Analysis Service Model containing all identified services 

Present and Validate the Results. After consolidation of the services 

identified, the SOA architect must present them for all the participants of SIW 

in order to validate the results. 
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4.5.1.2 Categorize Service Interfaces 

Services have different uses and purposes (Zimmermann et al., 2004). Hence, 

services can be classified through their operational characteristics with different 

granularity levels (Papazoglou, 2007). Moreover, to categorize the services 

according to their purpose, increase the potentiality of reuse (Erl, 2005).  

Currently, it is found diverse service taxonomy in the literature (Erl, 

2005; Jones and Mike, 2005; Erradi et al., 2006; Papazoglou, 2007). The SOA 

architect must choose some taxonomy and to categorize the services identified 

in the previous sub-activity. This choice of the taxonomy depends on how the 

architect intends to organize the services. In this sense, the categorization of the 

services will influence the organization of the SOA layers in the SOA Design 

activity. 

In this work, it is used the taxonomy presented by Papazoglou (2007) 

that uses three categories as following: 

• Business Services: They automate a generic business task with 

significance to the business process; 

• Technical Services:  They are coarse-grained services that provide the 

technical infrastructure enabling the development, delivery, maintenance 

and provisioning of business processes. They also provide capabilities 

that maintain QoS; 

• Utility Services: They are fine-grained services that provide value to 

business services across the organization, for example, services 

implementing calculations, algorithms, directory management services, 

etc. 

Beyond this taxonomy, the services can be grouped as internal or external 

of an enterprise.  

This taxonomy was chosen because the goal of it is to improve the reuse, 

since the several business services can use the same utility and technical 

services. Nevertheless, other taxonomies can be used with other goals. 

Table 3 shows the services of Travel Agency example categorized 

according to the taxonomy defined by Papazoglou.  
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Service Category Internal/External  
Sales Service Business Internal 
Financial Service Business Internal 
Hotel Service Business External 
Rental Car Service Business External 
Flight Company Service Business External 
Credit Card Service Business External 
Discovery Service Technical Internal 

Table 3. Services of the Travel Agency example categorized according to 
Papazoglou’s (2007) taxonomy 

The result of categorization must be validated by the business specialist 

team in order to verify the possible mistakes in their business services.  

4.5.1.3 Apply Service-Orientation Principles 

Since any technique, including object-oriented and component-based 

approaches, can be used in the Identify Service Interfaces sub-activity, it is 

important that principles been applied to these services so that they have 

characteristics inherent to the service-oriented approach. 

There is no official set of service-orientation principles. For this reason, 

the principles that will be applied depend on the understanding and experience 

of the SOA architect. In the literature are found diverse principles related to 

service-orientation approach. In general, they are focused on the granularity of 

the service interfaces. Papazoglou and Heuvel (2006) and, Feuerlicht and 

Lozina (2007) list three principles: service coupling, service cohesion and 

service granularity.  

• Service coupling: It is important that grouping of activities in business 

processes is as independent as possible from other such groupings in 

other processes. The service coupling can be seen as the degree of 

interdependence among two business processes. Hence, the objective is 

to minimize coupling, i.e., to make business processes as independent as 

possible by not having any knowledge of or relying on any other business 

processes; 

• Service cohesion: Cohesion refers to the level of interrelationships 

among the elements of a software module (Stevens et al., 1999). High 

level of service cohesion increases application stability as cohesion limits 

the impact of changes to a small number of services (ideally, a single 
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service operation). According to Larman (2004) the benefits of highly 

cohesive methods include easy maintenance (as the method interfaces 

are less likely to change over time) and increased reuse potential; 

• Service granularity: Service granularity refers to the scope of 

functionality exposed by a service. Services may exhibit different levels of 

granularity. From the perspective of service-oriented design, it is 

preferable to create higher-level, coarse-grained interfaces that 

implement a complete business process. This technique provides the 

client with access to a specific business service, rather than getting and 

setting specific data values and sending a large number of messages. 

As it was seen in Chapter 3, Erl (2005) lists a common set of principles 

most associated with service-orientation paradigm: Services are reusable; 

Services share a formal contract; Services are loosely coupled; Services 

abstract underlying logic; Services are composable; Services are autonomous; 

Services are stateless; Services are discoverable. Based on these principles, the 

services identified in the previous sub-activities must be refined. However, not 

all of these principles are applied to the service interfaces. 

In this dissertation, it is being considered the principles of Papazoglou 

and Heuvel (2006) and, Feuerlicht and Lozina (2007), because they focus on 

the service interfaces.  

In the Travel Agency example, it was applied the principle of service 

granularity, since it was identified operation dependences. To decrease the 

operation dependencies implies less frequency of message exchange. It is an 

important factor, because it is more efficient to send in a single request then 

sending many fine-grained messages (Papazoglou, 2007). The operations 

searchFlight, that returns only the flight identifiers, and getFlightInformation, 

that returns the complete flight information of a specific flight, are combined 

into a unique operation named searchFlight, in which will be returned all the 

flights with their complete information. The same happens with the Hotel 

service and Rental car service. 

As the architect experience increases in the SOA approach, this activity 

becomes unnecessary, since he can create the previous artifacts with the service-

orientation principles in his mind. 
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4.5.1.4 Identify Quality Attributes 

After uncovering the service interfaces and their respective consumers and 

providers, it is necessary to identify the quality attributes for each service 

identified as well as for the SOA as a whole. Quality attributes could be missing 

from the requirements document, and even if addressed adequately, they are 

often vaguely understood and weakly articulated (Barbacci et al., 2003). The 

SOA architect and the business specialist team must discuss the quality 

attributes of the overall SOA, since it can be seen as a unique distributed system. 

These quality attributes must be well clear for all service development teams in 

order to guide them in the next activities of the Service Design phase. 

Before explaining this sub-activity, it is important to understand the 

concept of service quality attributes and SOA quality attributes. 

Figure 24 shows the idea of having two levels of quality attributes. First, 

it can have quality attribute in the service level in which each service that the 

consumer needs has a set of quality attributes. Second, the SOA has a set of 

quality attributes that encompass the whole SOA. In this case, all the services 

come into these attributes. For example, service A requires performance and 

availability and service B requires only availability. Additionally, the SOA 

quality attributes are reusability, discoverability and security. Hence, service A 

and service B also will have these requirements. Besides, we can have different 

quality attributes for the same service, depending of the consumer, for example, 

the consumer 1 requires reliability and security for the service B, but the 

consumer 2 requires only reliability. In this case, the quality attributes of the 

service must be the union of these requirements. 

Service A

Consumer 1 Consumer 2

SOA

Quality Attributes on Service Level

Quality Attributes on SOA Level

Service B

Service B

 

Figure 24. Different levels of Quality Attributes  

In this sub-activity, the business specialist team of each business area 

along with the enterprise business team must elicit the quality attributes that 
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they need in each service. Some of these quality attributes identified will be 

addressed in the SOA Design activity and others will be addressed in the Service 

Design phase. It depends on the quality attribute and the solution to address it.  

High-level solutions can be addressed in the SOA Design activity. On the other 

hand, solutions that involve internal details of the service will be addressed in 

the Service Design phase. 

For this goal, an adaptation of the Quality Attribute Workshop (QAW) 

(Barbacci et al., 2003) is used. QAWs were elaborated by SEI and provide a 

method for identifying a system’s architecture critical quality attributes. The 

QAW is system-centric and stakeholder focused; it is used before the software 

architecture has been created. The QAW was chosen because, beyond being a 

simple technique, it provides an opportunity to gather stakeholders together to 

provide input about their needs and expectations with respect to key quality 

attributes that are of particular concern to them. For this purpose, QAW 

generates, prioritizes and refines quality attribute scenarios before the software 

architecture is completed (Barbacci et al., 2003). 

In the SEI quality model, quality attributes have three characterizations: 

external stimuli, architectural decisions, and responses (Clements et al., 2002b). 

An architecture responds to stimuli, such as a modification to functionality. The 

requirements need to be specified in such a way as to be observable. For 

example, maintainability should be specified as concrete change scenarios that a 

software developer would do in order to modify the system. These scenarios can 

be observed. This model provides the most precise framework in which to 

specify quality attributes and to address them in an architectural description 

(Albin, 2003). 

The QAW involves the following steps (Barbacci et al., 2003): 

1. QAW Presentation and Introductions.  QAW facilitators describe the 

motivation for the QAW and explain each step of the method; 

2. Business/Mission Presentation. A representative of the stakeholder 

community presents the business and/or mission drivers for the system. The 

term "business and/or mission drivers" is used carefully here. Some 

organizations are clearly motivated by business concerns such as profitability, 

while others, such as governmental organizations, are motivated by mission 

concerns and find profitability meaningless; 
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3. Architectural Plan Presentation. While a detailed system architecture 

might not exist, it is possible that high-level system descriptions, context 

drawings, or other artifacts have been created that describe some of the system's 

technical details. At this point in the workshop, a technical stakeholder will 

present the system architectural plans as they stand with respect to these early 

documents; 

4. Identification of Architectural Drivers. The facilitators will share their 

list of key architectural drivers and ask the stakeholders for clarifications, 

additions, deletions, and corrections. The idea is to reach a consensus on a 

distilled list of architectural drivers that include high-level requirements, 

business drivers, constraints, and quality attributes. The final list of 

architectural drivers will help focus the stakeholders during scenario 

brainstorming to ensure that these concerns are represented by the scenarios 

collected; 

5. Scenario Brainstorming. The facilitators initiate the brainstorming 

process in which stakeholders generate scenarios. The facilitators review the 

parts of a good scenario (stimulus, environment, and response) and ensure that 

each scenario is well formed during the workshop; 

6. Scenario Consolidation. Facilitators ask stakeholders to identify those 

scenarios that are very similar in content. Scenarios that are similar are merged, 

as long as the people who proposed them agree and feel that their scenarios will 

not be diluted in the process. Consolidation is an important step because it 

helps to prevent a "dilution" of votes during the prioritization of scenarios; 

7. Scenario Prioritization. Prioritization of the scenarios is accomplished by 

allocating each stakeholder a number of votes equal to 30% of the total number 

of scenarios generated after consolidation. The actual number of votes allocated 

to stakeholders is rounded to an even number of votes at the discretion of the 

facilitators. For example, if 30 scenarios were generated, each stakeholder gets 

30 x 0.3, or 9, votes rounded up to 10. Voting is done in round-robin fashion, in 

two passes. During each pass, stakeholders allocate half of their votes. 

Stakeholders can allocate any number of their votes to any scenario or 

combination of scenarios. The votes are counted, and the scenarios are 

prioritized accordingly; 
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8. Scenario Refinement. After the prioritization, depending on the amount 

of time remaining, the top four or five scenarios are refined in more detail. 

In this dissertation, some considerations were applied to QAW to attend 

the proposed process. Firstly, the participants of QAW can be the same of the 

SIW. Table 4 describes the considerations that must be applied to QAW.  

QAW Step Consideration for the Process 

1. QAW Presentation and Introductions 
The SOA architect works as facilitator of 
QAW. 

2. Business/Mission Presentation 

The representative of stakeholder 
community can be the enterprise manager. 
The benefits about to use SOA approach 
also must be presented. 

3. Architectural Plan Presentation 

The SOA architect makes the role of the 
technical stakeholder. He presents the 
outline of the architecture.  
The business process models, the services 
identified in previous activities and their 
respective primary quality attributes are 
presented.  

4. Identification of Architectural Drivers None. 

5. Scenario Brainstorming 

Each business specialist team must create 
scenarios for the service that it will 
consume and for the SOA as a whole. 
The enterprise manager also must create 
scenarios for SOA as a whole.  
The Analysis Interaction Models can help 
them in this step, since they represent the 
interaction between service consumers and 
providers.  

6. Scenario Consolidation 
The SOA architect and the enterprise 
manager groups the scenarios into a 
specific service or SOA as a whole. 

7. Scenario Prioritization 

The calculus must be done for each service 
and for SOA as a whole, i.e., the 
stakeholders of each service must vote in 
the scenarios only of these services that 
they are involved. The votes are counted, 
and the scenarios are prioritized for each 
service and for SOA as a whole.  

8. Scenario Refinement None. 

Table 4. Considerations about QAW steps in the context of the proposed process 

To demonstrate the scenario refinement, the Table 5 shows a scenario for 

the travel agency example.  
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Scenario Refinement for Scenario N 

Scenario(s): 
When the business partner wants to add its 
service in the discovery service 

Business Goals: Agility in the business processes 
Relevant Quality Attributes: Location Transparency 

Stimulus: Add a new business partner 
Stimulus Source: Business partner 

Environment: 
Business partner familiar with discovery 
service interface 

Artifact (If Known): Discovery service 
Response: The new business partner is added 

Scenario 
Components 

Response Measure: 
No more than on day for added of the new 
business partner 

Questions: 
Does the discovery process will affect the 
performance of the processes? 

Table 5. Scenario refinement for the travel agency example  

The output of this sub-activity is the scenarios and a table with the 

quality attributes prioritized of each service and of the SOA as a whole. This 

prioritization is important since there are tradeoffs among the quality attributes. 

For example, if the system requires security then the performance is decreased. 

In addition, after the architecture is created, the scenarios can be used as 

part of a software architecture evaluation. If the ATAM is selected as the 

software architecture evaluation method, the scenarios generated during the 

QAW can be incorporated as seed scenarios in that evaluation (Clements et al., 

2002b). 

4.5.2 SOA Design Activity 
In the SOA Analysis activity, it was identified the services and their potential 

consumers and providers. In addition, the quality attributes of the each service 

and of the SOA as a whole were also identified. In the SOA Design activity, the 

solution of the problem will be elaborated, specifying the service contracts, 

applying different viewpoints for the quality attributes identified and producing 

the architecture documentation.  

In this activity, the technology that will be used must be considered. In 

spite of the process to provide technology independence, this dissertation is 

considering Web Services technology to exemplify the process. 
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Figure 25 shows the sub-activities of the SOA Design activity. It is 

important to highlight that this process is not necessarily cascade. It depends on 

the development life-cycle model that is being performed. 

 

Figure 25. Sub-activities of the SOA Design activity 

4.5.2.1 Specify Service Contracts 

Since it is known the service interfaces with their respective potential 

consumers and providers, it is necessary to define the contract among them. A 

service contract contains the terms agreed on by the service provider and service 

consumer for the supplying of the service.  

 In Web Services, the contract is described within WSDL document and 

describes an interface in two ways. First, it provides an abstract description of 

messages and types. Second, it provides one or more concrete descriptions that 

bind the abstract definition of the service to the selected messaging transport. 

WSDL documents should be segmented to separate the business contract from 

the services technical binding (McGovern et al., 2006). 

 In summary, the service contract must contain the following information: 

• Service interface: The name and operations of the service; 

• Service messages: The messages that the consumer and provider 

exchange to perform the service. For each message it must be described 

the data types that will be exchanged; 

• Pre- and post conditions: pre- and post conditions of each operation 

of the service; 
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• Quality attributes: the quality attributes elicited for each service in the 

previous activity must be included in the contract with as the major detail 

as possible; 

• Potential consumers: the list of known potential consumers of the 

service; 

• Provider: the entity responsible for supplying the service; 

• SLA: if the consumer is known, the Service-Level Agreement involved in 

the contract must be specified between consumer and provider. 

 The complete service contract template can be seen in the Appendix A. 

To perform this sub-activity, it is necessary an agreement between the 

service provider and service consumers. In this sense, the SOA architect 

specifies the service contracts and presents it to the provider and potential 

consumers in order to validate it. They will discuss the contract until both agree 

with it. Whether the potential consumers are not known, only the SOA architect 

and the service provider will validate the contract. 

4.5.2.2 Reuse Existent Services 

The idea of this sub-activity is to search the services identified with their 

respective quality attributes in order to verify if they already exist. In this case, 

the existent services can be reused and the non-existent services will be 

developed. The providers for these services can be found in the internal or 

external area of the enterprise. For this sub-activity, the SOA architect is 

responsible for searching these existent services. Based on the result of 

searching, the SOA architect decides if these services will be reused or created. 

Furthermore, it is necessary to decide how the services will be acquired (leasing, 

buying, and so on). 

In order to search third-party services, the SOA architect must consider, 

beyond technical aspects about the service, the following non-technical aspects 

about the provider (Dias et al., 2007a): 

• Reputation: description of the provider to perform similar projects 

based on past experiences; 

• CMMi Level: it indicates the CMMi level of the provider; 

• Support: it describes the support mechanism offered by the provider; 
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• Business model: it indicates how the service is acquired, as well as its 

cost;  

• Target Market: it indicates the target market for which the service was 

implemented. 

This task of reusing services that meet quality attributes is a challenging 

issue in a service-oriented development approach. In such a context, some work 

were proposed in order to provide a means to effective evaluation of services, 

like Dias et al. (2007a; 2007b). In these work, it was proposed a quality model 

based on ISO 9126 standard, defining a set of attributes and metrics for an 

effective evaluation of Web Services. Moreover, a XML-based representation 

was elaborated to support the proposed quality model. This XML document 

serves as a service certification stamp, i.e., the service provider will be able to 

attach this document to any other document that is related to the service, for 

example, a WSDL description or even to extend the tModel of the UDDI. 

OASIS also proposed a quality model specification for Web Services 

named QMWS (Quality Model for Web Services) (OASIS, 2005), which provides 

a model to manage the Web Services quality at development process and use of 

them. Another work was proposed by Ran (2003) and it describes a discovery 

model of Web Services based on functional and non-functional requirements of 

them. In this model, he considers a set of non-functional attributes to evaluate 

the quality of Web Services. 

The output of this sub-activity is a table containing a set of services 

identified and for each one the information if it will be reused or developed. In 

case of service to be reused, additional information of the provider must be 

described. 

After performing this sub-activity, the service contracts must be revised 

and updated. 

4.5.2.3 Address Quality Attributes 

Since the services and quality attributes were identified in the SOA Analysis 

activity, they must be addressed through different views. In this sense, for each 

identified service and for SOA as a whole, it will be applied several views to 

represent these different concerns. For this reason, the viewpoints can have two 

levels of representation: Enterprise or service level. Enterprise level means that 



Chapter 4 – A SOA-based Software Architecture Process 95 

the viewpoint encompasses SOA aspects as a whole, and the service level 

represents that the viewpoint addresses only aspects of a specific service. 

However, some viewpoints can be used in these two levels of representation. 

This dissertation proposes a set of viewpoints to represent the 

architecture decisions of the SOA. However, these viewpoints are not a closed 

list, and other viewpoints can be used according to demand of the SOA 

architect. 

These viewpoints can be built by applying the various UML diagram 

types to represent the architecture description. Each viewpoint has specific 

modeling goals and stakeholders. Additionally, it was used the IEEE 1471 

framework (ISO/IEC 42010, 2007) to describe the rationale for each of the 

viewpoints summarized in the Table 6. These descriptions should assist those 

attempting to apply these viewpoints. In spite of examples have been used in the 

explanation of some viewpoints, this work suggests what each viewpoint must 

represent and does not focus on how the views will be created.  

Layer Viewpoint. Traditionally, software layers provide important 

levels of abstraction. SOA layers can not be confused with the traditional 

software layers. The tiers provide a conceptual structure at the enterprise level 

that organizes the services (Krafzig et al., 2004). 

The objective of this viewpoint is to represent the layers of the SOA. For 

this purpose, the services categorized identified in the SOA Analysis activity are 

considered. Figure 26 shows an example of a layer view, in which it was used the 

package concept of the UML class diagram.  

 

Figure 26. Layer View 

Integration Viewpoint. This viewpoint describes how the services will 

be integrated. Figure 27 shows the two significant options for a primary 

integration pattern: (a) direct point-to-point and (b) hub-and-spoke (Bianco et 

al., 2007). In the first one, each connection among applications is individually 
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designed and cooperatively implemented, deployed, and administered. In the 

hub-and-spoke approach, the interaction between service consumers and 

providers is mediated by a middleware. In the SOA space, this middleware is 

usually called the Enterprise Service Bus (ESB). 

Application A

Application C

Application B

ESB

Application A Application B

Application C

(a) (b)
 

Figure 27. Two different approaches for integration: (a) hub-and-spoke and (b) 
point-to-point 

Security Viewpoint. As it was seen in Chapter 3, the security schema 

can be implemented on different levels such as transport layer and message. 

Hence, the security view should represent the solution using one of these levels. 

In case of using security in the transport layer level, this representation 

can be used in the other view, like as physical view, since in this view the 

transport protocol is specified. 

On the other hand, in case of using a message level, such as WS-Security, 

it is important represent other aspects, as for example, which elements of the 

message will be assigned or/and encrypted. 

Interaction Viewpoint. Each interaction between a service consumer 

and a service provider in a SOA can be implemented differently. The 

implementation alternatives impact important quality attributes of the system, 

such as interoperability and modifiability (Bianco et al., 2007).  

 In a pure Web Services solution, the SOAP protocol is used. However, the 

architect can also avoid SOAP and use a simpler approach, such as REST, RMI, 

and so on.  

This viewpoint will represent decisions about the interaction between the 

consumer and provider. Figure 28 shows two examples of this viewpoint. Each 

view represents the consumer, the provider, the communication style (RPC or 

document, in case of Web Services), and the message protocol used in this 

communication. 
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RPC Style

Document style

Legend:

 

Figure 28. Different message communication styles 

Physical Viewpoint. In this viewpoint, issues about interoperability, 

security and reliability can be decided, since it aims to capture the distribution 

of the applications and services that compose the SOA as well as the transport 

and message protocol used in the communication among them.  

Figure 29 shows an example of Physical view for the Travel Agency 

example in which the nodes represent the entities that consume or provide 

some service. Inside of the node there is a component that represents the service 

provided. The arrows mean that a consumer depends of some service interface. 

For each arrow is specified the message protocol and transport protocol. 

 

Figure 29. Physical View of the Travel Agency example 

Registry Viewpoint. This viewpoint aims to address how the services 

will be published, found and executed. The decision about the architecture of 
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service discovery will be represented in this viewpoint. In the Web Services is 

used the UDDI, that uses the “Find-bind-execute” approach. However, other 

mechanism can be used such as ebXML and P2P networks. Figure 30 shows an 

example of registry view in which it is being represented the entities involved in 

the registry process, the message protocol used in the communication of this 

process and the standard of the service description. It has been used a UML 

deployment diagram to represent the view in which each node represents a role 

in the registry process. Moreover, stereotypes were used in the relationship 

among the nodes in order to represent the protocol used in the communication 

of these nodes. 

 

 Figure 30. Example of the Registry View 

Publisher Viewpoint. The services can be registered under diverse 

technologies such as UDDI, ebXML, P2P network, and so on. In this sense, this 

viewpoint must represent how the service will be published by the provider in 

order to turn it available to the consumers. 

Consumer Viewpoint. In this viewpoint it will be decided how the 

services will be consumed by the consumers.  

 As it has been said, services can be registered in several manners. 

Considering these possibilities, this viewpoint must represent the following 

issues: 

• How the consumer can find a service; 

• How the consumer acquire the service;  

• How the consumer can bind the service (dynamically or statically). 

Technical Process Viewpoint. In the service interface identification, 

business processes are designed based on business concepts such as business 

activities and business actors. This means that the process reflects the pure 

business perspective.  
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Technical processes are software realizations of business processes that 

are designed upon the business concepts and in accordance to services. It means 

the technical process reflects both business perspective and technology concepts 

such as software services (Henkel et al., 2004). 

In this context, this viewpoint must represent the technical business 

processes that make part of the SOA, i.e., the business processes in the 

perspective of the services identified. 

The BPMN (Business Process Modeling Notation) is a language that has 

been defined by the BPMI in order to support a standardized, graphical 

representation of business process diagrams. In a way, the BPMN approach is 

similar to the UML approach, in that it provides a graphical representation of 

object models that is independent of the implementation language. In fact, 

many similarities exist between UML activity diagrams and BPMN. However, 

BPMN is specifically designed with BPM engines in mind. Consequently, it 

includes a mapping of its graphical objects to BPML (Business Process Modeling 

Language) (Krafzig et al., 2004). One example of BPML is BPEL (Business 

Process Execution Language). The BPEL language is XML-based and has 

primitives such as “receive,” “reply,” “throw,” and “wait.” The BPEL code is then 

posted to a BPEL engine (also called BPEL server) that runs on the application 

server. When the event that triggers the workflow happens, the BPEL engine 

coordinates the invocation of the services using the BPEL code as a script. 

In this context, these views are useful when it is necessary to map the 

technical business process into Business Process Modeling Language such as 

BPEL. 

Table 6 summarizes the viewpoints presented. For each viewpoint is 

shown the stakeholders, concerns, modeling techniques and whether it is 

applied to service or to enterprise level. In the Stakeholder column, SP means 

Service Provider and SC means Service Consumer. 
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Viewpoint 
name 

Stakeholders Concerns 
Modeling 

Techniques 
Service or 
Enterprise  

Layer 
Viewpoint 

SP (development team, 
software architect, 
maintainer, administrator) 

How the services will 
be layered 

Package diagram to 
represent the 
categories of the 
service layers 

Enterprise 

Integration 
Viewpoint 

SP (development team, 
software architect, 
maintainer, administrator) 
and SC (development 
team, software architect, 
maintainer, administrator) 

Integration 
mechanism that it 
will be used in the 
SOA 

Component diagram 
to represent the 
entities involved in 
the integration 

Enterprise 

Security 
Viewpoint 

SP (development team, 
quality assurance team, 
architect) and SC 
(development team, 
quality assurance team, 
architect) 

Security schema used 
in the communication 
between service 
providers and 
consumers 

Sequence diagrams to 
show the dynamic 
aspects and Class 
diagrams to represent 
the static aspects 

Both 

Interaction 
Viewpoint 

SP (development team, 
quality assurance team, 
software architect) and 
SC (development team, 
quality assurance team, 
software architect) 

How the service 
consumer will 
communicate with 
the service provider 

Sequence diagram to 
represent the 
communication style 
between provider and 
consumer 

Service 

Physical 
Viewpoint 

SP (Software architects, 
Hardware architects, 
development team) and 
SC (Software architects, 
Hardware architects, 
development team) 

The physical 
distribution of the 
services and how 
they will 
communicate with 
each other 

Deployment diagram 
with stereotypes to 
represent the protocol 
used in the 
communication 

Both 

Registry 
Viewpoint 

SP (development team, 
quality assurance team, 
service seller, 
administrator) and SC 
(development team, 
quality assurance team, 
service acquirer, 
administrator) 

The service discovery 
and publishing 
architecture of the 
SOA 

Deployment diagram 
with nodes 
representing the 
service consumers, 
providers and 
repositories 

Enterprise 

Publisher 
Viewpoint 

SP (development team, 
quality assurance team) 

How the service 
provider can to 
publish your service 

Sequence diagram 
with the actor 
representing the 
service provider 

Both 

Consumer 
Viewpoint 

SC (development team, 
quality assurance team) 

How the service 
consumer can acquire 
and execute the 
services 

Sequence diagram 
with the actor 
representing the 
service consumer 

Both 

Technical 
Process 
Viewpoint 

SP (development team, 
quality assurance team, 
business analyst, 
maintainer) and SC 
(development team, 
quality assurance team, 
business analyst, 
maintainer) 

The sequence that the 
services will be 
executed in 
accordance with the 
business processes 

Business process 
diagram in BPMN 
notation 

Enterprise 

Table 6. Summary of viewpoints to address the SOA and the services quality 
attributes 



Chapter 4 – A SOA-based Software Architecture Process 101 

None of these viewpoints are mandatory. In this sense, the SOA architect 

must decide, according to project, what viewpoints to use. 

Other efforts about SOA-oriented views are found in Matinlassi and 

Kalaoja (2002), and Ibrahim and Misic (2006). The first one proposes the use of 

four viewpoints to represent the architecture concerns of the SOA. However, 

only these four views are not sufficient to describe the particularities of a SOA, 

such as discoverability. The second approach lists a set of nine views to 

represent a SOA. Some of them aim to represent only internal aspects of the 

services. In this sense, these views are more useful for Service Design phase.   

4.5.2.4 Check Service-Orientation Principles 

In this sub-activity, the architecture description created must be checked in 

order to verify if it is fulfilling the service-orientation principles. In the sub-

activity Apply Service-Orientation Principles of the SOA Analysis activity, the 

focus was on the service interfaces. On the other hand, this sub-activity is 

focusing on the service contracts created in the sub-activity of Specify Service 

Contracts and views created in the sub-activity Address Quality Attributes. In 

that sub-activity, some principles were applied. In this sub-activity, the other 

principles can be verified, such as services share a formal contract, services are 

stateless and services are discoverable. For example, this last principle analyzes 

if the architecture description is clear about the service discovery.  

4.5.2.5 Produce SOA Documentation 

After all activities have been realized, it is necessary to create the architecture 

documentation. This document is the main output of the architecture design 

activity, because it will document the artifacts produced in the previous 

activities.  

It must be documented all information that is necessary for the service 

development teams, since this documentation serves as a guide to them. 

For this purpose, the following sections are used to document the SOA. 

Appendix B presents the complete SOA documentation template. 

1. Documentation roadmap: it shows how the documentation is organized; 

2. SOA Overview: it describes the description of the SOA, the purpose of the 

SOA solution and the quality attributes of the SOA;  
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3. Services: it describes the services identified in the process, such as their 

service contract and the views in the service level related to them; 

4. SOA Views: it describes the views in the enterprise level produced to 

address the quality attributes related to SOA; 

5. Glossary and Acronym List: the words and acronyms with their 

description used in the document. 

4.5.3 SOA Evaluation Activity 
As it has been explained in Chapter 2, the software architecture evaluation is the 

activity that aims to analyze the chosen architecture in order to deliver a system 

capable of fulfilling required quality attributes and to identify any potential risks 

(Li and Henry, 1993; Lassing et al., 1999). 

Many architecture-centric analysis methods have been created in the few 

past years. Due to this variety of methods, an initial orientation is necessary. In 

this sense, the Architecture Trade-off Analysis Method (ATAM) (Kazman et al., 

2000b) — developed by the SEI — is used as the basis for defining the activities 

and information that are important for an architecture evaluation of a system 

that uses a SOA approach. 

The SEI produced a technical report about SOA evaluation using ATAM 

approach (Bianco et al., 2007). The goal of this report is to offer practical 

information to assist the architecture evaluation of a system that uses the SOA 

approach. This dissertation uses this work as basis for the SOA evaluation. This 

evaluation method was chosen because, beyond being a mature method, it is 

scenario-based and it can reuse the scenarios created in the QAW.  

In spite of this activity to be considered important, it is not mandatory to 

be performed. Moreover, other method can be used in order to evaluate the 

architecture. 

The ATAM method consists of the following nine steps (Bianco et al., 

2007): 

1. Present the ATAM. The evaluation team presents a quick overview of the 

ATAM steps, the techniques used, and the outputs from the process; 

2. Present the business drivers. The system manager briefly presents the 

business drivers and context for the architecture; 
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3. Present the architecture. The architect presents an overview of the 

architecture; 

4. Identify architectural approaches. The evaluation team and the 

architect itemize the architectural approaches discovered in the previous step; 

5. Generate the quality attribute utility tree. A small group of 

technically oriented stakeholders identifies, prioritizes, and refines the most 

important quality attribute goals in a utility tree format; 

6. Analyze the architectural approaches. The evaluation team probes the 

architectural approaches in light of the quality attributes to identify risks, non-

risks, and tradeoffs; 

7. Brainstorm and prioritize scenarios. A larger and more diverse group 

of stakeholders creates scenarios that represent their various interests. Then the 

group votes to prioritize the scenarios based on their relative importance; 

8. Analyze architectural approaches. The evaluation team continues to 

identify risks, non-risks, and tradeoffs while noting the impact of each scenario 

on the architectural approaches; 

9. Present results. The evaluation team recapitulates the ATAM steps, 

outputs, and recommendations. 

In case of the QAW method has been used for eliciting of quality 

attributes in the SOA Analysis activity, the step 7 can use the scenarios created 

and prioritized in that activity. 

The analysis prescribed in the ATAM is not meant to be precise and 

detailed; it does not provide numerical values for different qualities. The key is 

to elicit enough architectural information to identify risks, which result from the 

correlation between the architectural decisions and their effect on quality 

attributes. The evaluation team typically probes the architectural approaches 

used to address the important quality attribute requirements specified in the 

scenarios (Bianco et al., 2007). 

Table 7 shows an analysis for scenario example elicited in the QAW. 
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Analysis for Scenario N 

Scenario 
Summary 

When the business partner wants to add its service in the discovery service 

Business Goal(s) Agility in the business processes 

Quality Attribute Location transparency 

Architectural 
Approaches and 
Reasoning 

• Use UDDI for registering and searching of the business partner services 

Risks The business partner register its service with an interface different of the specified  

Tradeoffs 
The discovery process of the business partner services decrease the performance of 
the process 

Table 7. Analysis Table for Scenario 

A final report of the ATAM results includes a summary of the business 

drivers, the architectural approaches, a utility tree, the analysis of each chosen 

scenario, and important conclusions (Bianco et al., 2007). 

4.6 Service Design Phase 
After architecting the SOA-based enterprise architecture, the services identified 

will be allocated to the service development teams in which they will design and 

implement the service. 

This phase aims to design the service architecture considering the 

decisions of the previous phase in order to serve as a guide to the developers. 

The input of this phase is the use cases and the SOA documentation, and the 

output of this phase is a service architecture documentation. 

Such as the SOA Analysis activity of the architecture definition phase, it 

must be applied architecture viewpoints referred to the services. The difference 

is the granularity and level of details. In the SOA Analysis activity, the services 

are designed in high-level viewpoints. In this activity, the services are designed 

using the low-level viewpoints. In this case, traditional architecture viewpoints 

can be used to represent the different goals. Some examples of these viewpoints 

are: logical viewpoint, code viewpoint, development viewpoint, concurrency 

viewpoint and physical viewpoint, commented in Chapter 2. 

Beyond these traditional views, other views can be used to represent 

better some specific goals of the service architecture (Ibrahim and Misic, 2006). 
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Figure 31 shows this schema, in which a traditional architecture process 

can be used to design the service architecture. 

In this phase, the service architect must choose the technologies to be 

used in the service implementation. There are different component models to 

implement services, such as EJB, CORBA, and COM/DCOM. The service 

architect can choose any programming language and any component model to 

implement the service. The important is to respect the service contract. 

 

Figure 31. Service Design phase 

After architecting the service, the service architecture documentation is 

created and sent to the developers that will implement the service. 

4.7 Chapter Summary 
In this chapter was presented the proposal of a SOA-based architecture process 

with its foundations, roles, phases, activities, sub-activities, inputs and outputs. 

The process is divided in two phases: SOA Definition and Service Design. The 

process is focused in the first phase in which it has three activities: SOA 

Analysis, SOA Design and SOA Evaluation. The process has well-defined sub-

activities for the first two activities, and it uses an existent and consolidated 

evaluation method of the SEI, named ATAM, for the third activity. 

 In the SOA Analysis activity, it was proposed the SIW that aims to gather 

together the business areas of enterprise in order to identify the services that 

will compose the SOA. Service-orientation principles are considered to refine 

the service interfaces identified. Additionally, the quality attributes can be 

elicited using an existent method of the SEI called QAW. 

 In the SOA Design activity, the service contracts between the consumer 

and provider must be specified. After that, it is verified if some service can be 
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reused. Hence, the architecture description must be created under different 

views. For this purpose, it was proposed a set of viewpoints to describe the SOA 

in order to address the quality attributes. The architecture description must be 

checked in relation of the service-orientation principles. At the end, the 

architecture documentation is produced. 

 In next chapter, it will be presented an experimental study with its 

definition, planning, performing, analysis and interpretation. 



 

 

The Experimental 
Study 

 

Once a new SOA-based architecture process has been described, some 

experiments must be performed in order to refine it and to evaluate if it achieves 

its proposed objectives.  

In this sense, this chapter presents an experimental study in order to 

evaluate the proposed process in relation of the difficulties of its use, the 

guidance that it provides to the architects and the completeness of the 

architecture description created in the software architecture context.  

For this study, the method proposed by Wohlin et al. (2000) was used as a 

guideline to conduct the experiment. 

5.1 The Evaluation Technique 
For the purposes of this experimental study, the approach proposed by Wohlin 

et al. (2000) brings a set of activities to evaluate the proposed process: 

• Definition. This step addresses the experiment definition in terms of its 

problem, objective and goals; 

• Planning. In this step, the method presents three main concerns: the 

design of the experiment, the definition of the instrumentation and the 

identification of the possible threats; 

• Operation. In this step, all experiment measurements are collected 

according to the planned activities; 

• Analysis and interpretation. In this step, the data collected during 

operation is analyzed and interpreted. 

5 
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5.2 The Experimental Study 

5.2.1 Definition  
In order to define the experimental study, the Goal-Question-Metric (GQM) 

paradigm (Basili et al., 1994) was used. According to Basili (1994), the result of 

the application of the GQM approach is the specification of a measurement 

system targeting a particular set of issues and a set of rules for the interpretation 

of the measurement data. The resulting measurement model has three levels: 

• Goal. A goal is defined for an object, for a variety of reasons, with respect 

to various models of quality, from various points of view, relative to a 

particular environment; 

• Question. A set of questions is used to characterize the way the 

assessment/achievement of a specific goal is going to be performed based 

on some characterizing model; 

• Metric. A set of data is associated with every question in order to answer 

it in a quantitative way. 

Next subsections describe the goal, questions and metrics used in the 

experiment. 

5.2.1.1 Goal 

G1. To analyze the proposed process for the purpose of evaluating it 

with respect to the difficulties of its use, the guidance that it provides to the 

architects and the completeness of the architecture description created from 

the point of view of the researchers and practitioners in the context of 

software architecture. 

5.2.1.2 Questions 

Q1. Do the subjects have difficult to apply the process? 

Q2. Does the process guide the architect in the construction of the SOA? 

Q3. Is the architecture description created suitable in relation of 

completeness? 
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5.2.1.3 Metrics 

M1. Difficulty to use the process. In order to identify possible 

weaknesses and misunderstanding in the process and to define improvements, 

it is necessary to identify and analyze the difficulties found by users that used 

the process during the experiment. Thus, two metrics related to difficulty will 

measure this issue (Almeida, 2007): 

• DA: %Subjects that had difficulties in the SOA Analysis activity and the 

difficulties distribution per sub-activity; 

• DD: %Subjects that had difficulties in the SOA Design activity and the 

difficulties distribution per sub-activity. 

The SOA Evaluation activity will be not analyzed because it is out of scope 

of this dissertation, since that the process uses an existent architecture 

evaluation method for this purpose. 

M2. Guidance for creation of the architecture. The process was 

elaborated aiming to guide the architects in the design of the SOA. In this sense, 

this metric will be used to analyze if the process really helps the architect to 

create a SOA description. For this purpose, it will be used the Likert scaling 

(Likert, 1932) to measure this issue. A Likert scale is a type of psychometric 

response scale often used in questionnaires. When responding to a Likert 

questionnaire item, respondents specify their level of agreement to a statement 

in which five levels of answer is possible. Moreover, each level of agreement is 

associated to an ordinal value: strongly disagree (-2), disagree (-1), neither agree 

nor disagree (0), agree (+1), strongly agree (+2). The final result is the sum of 

the answers. Therefore, the following metric will be used: 

• Gca: Likert scaling value related to subjects’ opinion that considered that 

the process guides the architect in the creation of the architecture 

description. 

M3. Completeness of the architecture description. It is important to 

analyze the product generated by the process in order to verify if it attends the 

users’ expectations. In our case, the product is the architecture description. In 

this context, two metric will be used to measure the completeness of the 

architecture description. The first metric analyzes if the quality attributes were 

addressed by the architecture description. The second metric verifies if the 
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architecture description is sufficiently complete to begin the next phase of 

Service Design.  

• QA: %Quality attributes addressed by the architecture description under 

subjects’ point of view; 

• CAD: Likert scaling related to subjects’ opinion that considered the 

architecture description complete and sufficient to begin the next phase 

of Service Design. 

5.2.2 Planning 
Context. The experiment will run an off-line project by professionals of a 

software development company. This company develops information systems 

for a Government Minister. This minister has five different areas that are 

responsible for some strategic business for this minister. Each business area has 

its own information system that helps to perform its business processes. 

However, these business areas need to be integrated. For this purpose, the 

information systems need to be integrated. In this sense, the project of this 

experiment is a real problem of a SOA-based scenario. The study will be 

conducted as single object study which is characterized as being a study which 

examines an object on a single team and a single project (Wohlin et al., 2000). 

This project has five sub-projects running alongside that need to be integrated. 

Each sub-project has the objective to create an information system and each one 

has its own development team, with its project manager, software architect, 

business analyst, developers, and so on. In spite of the SOA to be a good 

solution for this scenario, the company did not choose it. However, for this 

experimental study, it will be considered SOA as solution for this scenario. Table 

8 shows the size of the five sub-projects in relation to function points. 

Sub-project Function Points 

Sub-project 1 850 

Sub-project 2 1015 

Sub-project 3 8963 

Sub-project 4 8292 

Sub-project 5 9448 

Table 8. Size of the sub-projects in relation to function points 



Chapter 5 – The Experimental Study 

 

111 

Subjects. The subjects selected will be composed by professionals of the 

company. They will be divided in two groups. The first group will be requested 

to act as the roles defined in the process (SOA architect, application architect, 

business analyst, and so on). However, during the project, one subject can have 

more than one role depending of the context, e.g., business analyst in the 

beginning and SOA architect in next the step. The second group will analyze the 

architecture description generated by the first group. It will be chosen one 

person of each sub-project team of the company for the first group, and other 

subjects for the second group. They will be selected by convenience sampling 

(Wohlin et al., 2000), representing a non-random subset from the universe of 

practitioners from company. In convenience sampling, the nearest and most 

convenient people are selected as subjects. 

Training. The training of the subjects will be divided in two phases. In 

the first one, it will be presented concepts about SOA, such as definition, roles, 

benefits, characteristics, principles, and so on. Additionally, Web Services 

technology will be presented. In the second phase, the proposed process will be 

presented. The first group of subjects will participate of these two phases. On 

the other hand, the second group of subjects will participate only of first phase 

of training. However, an overview about the process will be presented for the 

second group. These presentations will be discussed in two hours for each 

phase. 

Pilot project. Before performing the experiment, a pilot project will be 

conducted with the same structure defined in this planning, in order to detect 

possible problems and to refine the experiment. This pilot project will be 

executed by only two subjects.  

Criteria. The quality focus of the experimentation demands criteria to 

evaluate the difficult of using the process, the guidance that the process offers to 

the architects, and the completeness of architecture description generated. 

These issues will be evaluated qualitatively through of two questionnaires (QT2 

and QT3) that will be applied to the subjects.  

Instrumentation. All the subjects will receive a document containing 

information about the SOA area. The first group of subjects will also receive 

other document containing the details of the process. Besides, the first group of 

subjects will receive two questionnaires (QT1 and QT2), and the second group of 
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subjects will also receive two questionnaires (QT1 and QT3). QT1 refers to 

education and experience of the subjects. QT2 will serve to evaluate the 

usefulness, guidance that the process provides to the architect and difficult of 

using the process under point of view of subjects. Finally, QT3 will analyze the 

completeness of the architecture description created by the first group of 

subjects. 

Null Hypothesis. The null hypothesis are those the experimenter wants 

to reject with a high significance as possible. In this study, the null hypothesis 

determines that the use of the process in the SOA projects does not guide the 

architect in creation of the architecture description, that the subjects have 

difficulties to apply the process, and that the architecture description created is 

not complete and sufficient to the next phase of Service Design. Thus, according 

to the selected criteria, the following hypothesis can be defined: 

• H01: µDA >= 20%; 

• H02: µDD >= 20%; 

• H03: µGca <= 0; 

• H04: µQA <= 80 %; 

• H05: µCAD <= 0. 

The metrics DA, DD and QA were never used before, and thus there are no 

well-known values for them. Hence, arbitrary values were chosen, based on 

common sense. The value minor than 0 (zero) for the metrics Gca and CAD 

indicate that the majority of subjects is not agreement to a statement. 

Alternative Hypothesis. These are the hypothesis in favor of which 

the null hypothesis is rejected. In this study, the alternative hypothesis 

determines that the use of the process produces benefits that justify its use. 

Thus, the following hypothesis can be defined: 

• H11: µDA < 20%; 

• H12: µDD < 20%; 

• H13: µGca > 0; 

• H14: µQA > 80 %; 

• H15: µCAD > 0. 
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Independent Variables. These variables will be manipulated and 

controlled along the experiment. For this experiment they are the proposed 

process itself, the experience of the subjects and the requirements for the 

project. 

Dependent Variables. In this experiment, the objects of the 

experiment are the dependent variables. They are the difficulty of use the 

process, the guidance that the process provides to the architect, and the 

completeness of architecture description created. 

Internal Validity. According to Wohlin et al. (2000), the internal 

validity of the study is the capability to repeat its behavior into a new study with 

the same subjects and objects with which it was executed. The internal validity 

of the study is dependent of the two issues: project characteristics, such as the 

quality attributes required, and the number of subjects. 

External Validity. The external validity of the study measures its 

capability to be affected by the generalization, i.e., the capability to repeat the 

same study in other groups (Wohlin et al., 2000). For this study, its external 

validity can be considered sufficient, since it aims to evaluate the viability of the 

application of the proposed process. 

Construct Validity. This validation aims to measure the relation 

between the theories that is to be proved and the instruments and subjects of 

the study (Wohlin et al., 2000). In this study, each subject has the appropriate 

knowledge about its business area. This is important in order to avoid that the 

lack of knowledge of subjects makes a wrong interpretation of the evaluation of 

the proposed process. 

Conclusion Validity. The validation of the conclusion of the study 

measures the relation between the treatment and the result, and determines the 

capability of the study to generate conclusions (Wohlin et al., 2000). The 

conclusion of the study will be described by the use of descriptive statistic. 

5.2.3 Project Description 
The project used in the experimental study was performed on a real problem of 

a SOA-based scenario of a software development company. This company has 

five sub-projects running alongside that need to be integrated. Each sub-project 
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has its own development team and it needs to construct a new system for its 

business area. The idea is to use the SOA solution in order to integrate these 

systems in the service level, in which they can be developed in different 

programming languages. In this sense, Web Service technology will be used to 

achieve this integration. Based on this problem, the proposed process will be 

performed in order to generate a SOA description that will serve as a guide for 

each team, enabling they develop the services that will provide to other sub-

projects. In the project, it was required a set of eight quality attributes: security, 

reliability, location transparency, testability, interoperability, availability, 

reusability and modifiability. 

5.2.4 Instrumentation 
Selection of Subjects. The subjects selected are composed by practitioners of 

company. It was chosen one person of each sub-project team of the company 

that had an appropriate level of knowledge about its system and/or business 

area.  

Data Validation. In this experiment, descriptive statistics will be used 

to analyze the data set, since it may be used before carrying out hypothesis 

testing, in order to better understand the nature of the data and to identify 

abnormal or false data points (Wohlin et al., 2000). 

Instrumentation. Before the experiment can be executed, all 

experiment instruments must be ready. In this study, the questionnaires QT1, 

QT2 and QT3, in conjunction with the document about SOA and about the 

process were used.  

5.2.5 Operation 
Experimental Environment. The experimental study was conducted during 

May-June 2008, at the software development company. The experiment was 

composed by five subjects in the first phase and four subjects in the second 

phase.  

Training. The subjects who used the proposed process were trained 

before the experiment has begun. The training took four hours, divided into two 

presentations about SOA and about the proposed process (two hours for each 
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presentation). Moreover, an additional time was needed to solve doubts of the 

subjects about the process. 

Subjects. The subjects were five people for the first phase, and four 

people for the second phase of the experiment. All the subjects work for 

software development company, being one of each sub-project. Table 9 and 

Table 10 show the experience with SOA, Web Services and business process 

modeling experiences, the software architecture knowledge and the positions of 

the subjects. This information was obtained through the QT1. The ordinal 

number before the experiences represents level of knowledge about SOA, Web 

Services and business process modeling. This ordinal number can vary in a scale 

of 1 up to 4 (1 – no experience in projects; 2 – have developed some projects of 

this type during graduation/post graduation courses; 3 – have developed, 

professionally, some projects; 4 – have developed, professionally, several 

projects). The software architecture knowledge indicates the experience level of 

the subject, which can vary in a scale of 1 up to 3 (1 – Only know; 2 – Already 

used in non-real project; 3 – Already used in real project). Three subjects of the 

first group and all subjects of the second group have knowledge about RUP 4+1 

Model View. Two subjects of the first group and one subject of the second group 

know a CBD process (UML Components). Moreover, four subjects of the first 

group and all subjects of the second group have some experience with Web 

Services. 

Subject Experiences Software architecture knowledge Positions 

S1 
1 – Web Services 
2 – Business process modeling 

1 - RUP 4+1 Model View 

Business analyst 
System analyst 
Software engineer 
Configuration 
engineer 

S2 3 – Business process modeling  
Business analyst 
System analyst 
Teacher in informatics 

S3  
2 – SOA 
3 – Web Services 
1 – Business process modeling 

3 - RUP 4+1 Model View 
2 - UML Components 

Software architect 
Software engineer 
Components 
developer 
Project manager 

S4  1 – Web Services 
2 - RUP 4+1 Model View 
2 - UML Components 

Software architect 
Software engineer 

S5  3 -  Web Services  
System analyst 
Software engineer 

Table 9. Experience, knowledge and positions of the subjects in the first phase 
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Subject Experiences Software architecture knowledge Positions 

S6  3 – Web Services 3 - RUP 4+1 Model View 
Software architect 
Software engineer 

S7  1 – Web Services 3 - RUP 4+1 Model View 
Software architect 
Software engineer 
Project manager 

S8  
3 – Web Services 
 

2 - RUP 4+1 Model View 
2 - UML Components 

Software architect 
Software engineer 
Project manager 

S9  2 – Web Services 2 - RUP 4+1 Model View 
System analyst 
Quality engineer 

Table 10. Experience, knowledge and positions of the subjects in the second phase 

5.2.6 Analysis and Interpretation 
Training Analysis. The training was applied to subjects and it was composed 

of a set of slides involving the topics about SOA and the proposed process. The 

training was performed in four hours as planned. Three subjects considered the 

training very good (the scale defined was: very good, good, regular, and 

unsatisfactory) and two classified it as good.  

5.2.6.1 Qualitative Analysis 

The qualitative analysis is based on the answers defined for the QT1, QT2 and 

QT3 presented in Appendix C. 

Difficulties in the SOA Analysis Activity. Four subjects (S1, S2, S4 

and S5) (80%) had difficulty at least three sub-activities of the SOA Analysis 

activity. Figure 32 shows the distribution of difficulty of subjects per sub-

activity.  
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Figure 32. Percentage of subjects that had difficulty in each sub-activity of the 
SOA Analysis activity 
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The sub-activity Apply Service-Orientation Principles presented the 

most difficulty. Only one subject (S3) did not have problems to execute this sub-

activity. It is important to highlight that the lack of experience of the subjects 

with SOA may have influenced this result. For example, the subjects considered 

difficult to perform this sub-activity because it does not specified the “step-by-

step” to be executed. However, an expert SOA architect, since it has familiarity 

with these principles, it would not have the same difficulty. 

Other difficulty was mentioned about the SIW of sub-activity of Identify 

the Service Interfaces. The subjects (S4 and S5), that had not experience with 

business process modeling, had difficulty in the step Create Business Process 

Models. Moreover, the subjects (S2 and S5) also had difficulty in the step 

Identify Service Interfaces of the SIW. This difficulty can be explained by the 

lack of experience of these subjects in some interface-oriented technique. 

In spite of difficulties, all the subjects considered that SIW helps to 

identify the services in the context of the experiment. 

The main difficulty mentioned in the activity Identify Quality Attributes 

was the elaboration of scenarios (step 5 of QAW). 

Due to these difficulties, the subjects suggested the elaboration of 

guidelines in order to help the performing of each sub-activity, specially the 

Apply Service-Orientation Principles sub-activity. 

Based on this result, the null hypothesis Ho1 was not rejected (DA >= 

20%). Hence, the experiment suggests that the SOA Analysis activity is difficult 

to be performed. 

However, as well as commented by Almeida (2007), it is necessary to 

highlight that this value for the null hypothesis was defined without any 

previous data, since it was the first time that this aspect was analyzed. 

Nevertheless, the next time that the experiment is performed this value can be 

refined based on this experience, resulting in a more calibrated metric. 

Difficulties in the SOA Design Activity. Three subjects (S1, S2 and 

S5) had difficulty in at least three sub-activities in the SOA Design activity. This 

represents 60% of the subjects. Figure 33 shows the distribution of difficulty of 

subjects per sub-activity.  
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Figure 33. Percentage of subjects that had difficulty in each sub-activity of the 

SOA Design activity 

The sub-activities Check Service-Orientation Principles and Address 

Quality Attributes were considered the most difficult by the subjects (S1, S2 and 

S5). They main difficulty mentioned was to elaborate the views. Three factors 

can have influenced this result. First, the profile of the subjects, since all that 

had difficulty in this sub-activity, do not have experience in the software 

architecture position. The second factor can be related to the lack of experience 

in Web Services of some subjects. This experience is important to elaborate the 

views, since they depend on the technology. The last factor is related to the 

software architecture knowledge of these subjects. Only the S1 mentioned to 

know the RUP 4+1 Model View. 

The main difficulty mentioned in the sub-activity Reuse Existent Services 

was the lack of some tool to search the existent services. The search was realized 

manually. 

As well as the SOA Analysis activity, the subjects suggested the 

elaboration of guidelines in order to help the execution of each sub-activity. 

Based on this result, the null hypothesis Ho2 was not rejected (DD >= 

20%). Thus, the experiment suggests that the SOA Design activity is difficult to 

be performed. However, in the same way as in the SOA Analysis activity, this 

value for the null hypothesis was defined without any previous data. 

Guidance for creation of the architecture description. In spite of 

the all subjects suggested that it is necessary guidelines for the sub-activities, 
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they agree that the sub-activities defined by the process guides the architect, 

since the process gives an idea of what it must be done and produced in each 

stage of the process in the construction of the SOA description. Figure 34 shows 

the opinion of the subjects in the Likert scaling related to the guidance that the 

process provides to the architects. The result of sum in this scale was six. 
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Figure 34. Distribution data about the guidance that the process provides to the 
architects 

 Based on this result, the null hypothesis Ho3 was rejected (GCA >= 0). 

Hence, the experiment suggests in this context that the process guide the 

architect in the construction of the SOA description. 

Completeness of architecture description. Since the architecture 

description was created by the first group of the subjects, it was possible to 

evaluate this description in relation of its completeness. For this purpose, it was 

analyzed the answers of QT3.  

 In the project used by the experiment, a set of eight quality attributes 

were required. These quality attributes are presented in Figure 35. Among these 

quality attributes required, only testability was not addressed by the 

architecture description. The result shows that 87,5% of quality attributes 

required were addressed by the architecture description under subjects’ point of 

view. Based on this result, the null hypothesis Ho4 was rejected (QA > 80%). 

Thus, the experiment indicates that the architecture description generated by 

the process addresses the quality attributes required. 

 In the same way as the metrics of difficulty analysis, this value for the 

null hypothesis was defined without any previous data. 
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Quality attributes addressed
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Figure 35. Quality attributes addressed by the architecture description 

A suggestion of the subjects was to create a Test Viewpoint in which it 

would contain information about how the services can be tested. 

Figure 36 shows that all subjects considered the architecture description 

complete and sufficient to begin the next phase of Service Design. It was also 

used the Likert scaling to measure this issue. The result of sum in this scale was 

five. 
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Figure 36. Completeness of architecture description 

 Based on this result, the null hypothesis Ho5 was rejected (CAD > 0). 

Therefore, the experiment suggests that the architecture description generated 

by the process is complete and sufficient to begin the next phase of Service 

Design. 
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 A suggestion of subjects was to add a Test section for the service contract 

in which it would contain test cases for the service interfaces, helping the 

development and testing of these services. 

Usefulness of the process. Beyond the issues discussed earlier, it was 

collected the opinion about usefulness of the process to the subjects that used it. 

For this purpose, it was also used the Likert scaling. Figure 37 shows the result 

in which all the subjects agreed that the process is useful in context of software 

architecture. 
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Figure 37. Usefulness of the process 

 However, other suggestions were mentioned in the questionnaires in 

order to improve the process. In the sub-activity of Identify Service Interfaces 

was mentioned that it can be difficult to realize the SIW involving the business 

area teams, since these teams can be geographically disperse, so that other 

techniques must be used. However, the proposed process provides flexibility to 

the architect of choosing any technique for each sub-activity. In this sense, the 

techniques used in each sub-activity can be changed in accordance with the 

context of the SOA project.  

Moreover, it was suggested other two improvements to the SIW. The first 

one was the addition of a sub-activity to identify the functionalities of legacy 

systems since this is a hard work to be performed. The second suggestion was to 

realize training with the business areas before executing the SIW in order to 

standard the artifacts that they present in the step of Presentation of Business 

areas. This standardization aims to keep the uniformity about the information 

that will be presented. 
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 Furthermore, based on the suggestions, it was possible the improvement 

of the process. One example of this improvement, it was the adjustment of 

participation of the roles in each sub-activity.  

5.2.6.2 Conclusion  

The experiment has evidenced that the process is useful and important in 

context of the SOA in order to guide the architect in the construction of an 

architecture description. However, the experiment also shows that the process 

needs to be improved. 

In spite of the process have been considered suitable for the context of this 

experiment, other evaluations in different contexts must be performed in order 

to verify if the process can be applied on them. 

5.3 Difficulties and Lessons Learned 
In order to perform the experiment, some difficulties were found and some 

questions must be considered in order to repeat it.  

• Subjects with SOA experience. Since the SOA is a relative new area, 

the major difficult was to find subjects with real SOA experience;  

• Subjects skills. The process does not define the skills necessary to each 

role in the process. In this sense, the lack of experience of some subjects 

on the specific tasks can influence the results of the experiment;  

• Questionnaires. The questionnaires should be reviewed in order to 

collect more precise data related to feedback and the process. Moreover, 

a possible improvement can be to collect it after the iterations during the 

project avoiding losing useful information by the subjects; 

• Schedule of subjects. To perform the SIW and QAW, it was necessary 

to come together all the subjects. This is a difficult task since each one of 

the subjects has its own schedule. 

5.4 Chapter Summary 
This chapter presented an experimental study which evaluated the proposed 

process in relation to the difficulties of its use, guidance that it provides to 

architects and completeness of the architecture description created. 
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 The experiment has evidenced that the proposed process is useful and 

important in context of the SOA in order to guide the architect in the 

construction of the architecture description. Moreover, the experiment has also 

shown some weakness and improvements to the process in order to calibrate it.   

 Finally, the experiment repetition in a different context should be 

considered, to identify more points for improvements. 

 Next chapter will present the conclusions of this work, showing the 

research contributions, related work, future work, academic contributions and 

some concluding remarks. 



 

 

 
Conclusions 

 

 

As discussed in Chapter 2, architecture processes have a set of foundations such 

as view-oriented description, quality attributes orientation and architecture 

evaluation; and software architecture processes that involve these foundations 

emerged to aid the architects in the creation of the software architecture 

descriptions. Additionally, it was seen in Chapter 3 that SOA is a type of 

software architecture that has special characteristics, beginning with the 

stakeholders. These stakeholders are from different business areas of an 

enterprise that need of services of other internal or external business partner. 

This scenario requires additional activities and artifacts in the design that are 

not found in traditional architecture processes. In this context, the Chapter 4 

presented a new architecture process for SOA-based enterprise applications. 

Finally, in Chapter 5, it was performed an experimental study in order to 

evaluate proposed process in relation to the difficulty of its use, the guidance 

that it provides to the architects and the completeness of the architecture 

description generated. This experiment indicated that the process is useful since 

it guides the architect in the creation of architecture description. Moreover, the 

architecture description generated by the process was considered complete. 

However, the experiment also shown that the process needs to be improved and 

calibrated. 

6.1 Research Contributions 
The main contributions of this work can be summarized in the following 

aspects: 

6 
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• A survey of software architecture. A survey about the software 

architecture area was performed in order to understand its roots, 

concepts, roles, methods, among others, in order to obtain the main 

elements and subsidies to elaborate a new architecture process; 

• A survey about SOA. A survey about the SOA field was performed, in 

order to understand its concepts, characteristics, benefits, and so on. 

Next, the Web Services technology was discussed as a way to implement a 

SOA. Finally, the quality attributes in the SOA context was analyzed in 

order to understand how they impact the software architecture of the 

system. These studies offered a base to define an initial set of 

requirements for a new SOA-based architecture process; 

• A Systematic SOA-based Architecture Process. After these 

surveys, it was developed a systematic process with its sub-activities, 

steps, inputs, outputs, principles and roles for designing architecture 

description of the SOA-based enterprise applications. 

o The SOA Analysis activity. In this activity, it is important to 

identify the services that will compose the SOA. Moreover, it is 

necessary that these services have a correct granularity and are in 

accordance with some principles of service-orientation. For this 

purpose, it was proposed the SIW that gets together the enterprise 

business areas in order to identify the services, and specific sub-

activities to apply service-orientation principles. After 

identification of services, it is necessary to identify the quality 

attributes of the services and SOA as a whole. Hence, an 

adaptation of QAW was elaborated in order to elicit these quality 

attributes; 

o The SOA Design activity. After the identification of the services 

and quality attributes, the architecture solution can be created. In 

this sense, it was developed a set of viewpoints to address the 

quality attributes elicited in the SOA Analysis activity. 

Additionally, a template for SOA documentation and service 

contract was proposed in order to document the whole 

architecture and the information of the services. These documents 
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are important for the development teams involved in the 

implementation of the services. 

o The SOA Evaluation activity. Since the architecture 

documentation was created, it is important to evaluate it in order 

to verify if it is fulfilling the requirements. In spite of this 

dissertation does not specify a new method for this activity, it was 

given an initial direction towards a SOA evaluation. 

• An Experimental Study. In order to evaluate the proposed process, it 

was elaborated an experimental study with its definition, planning, 

performing, analysis and interpretation. This study evaluated the 

proposed process in relation to the difficulties of its use, guidance that it 

provides to architects and completeness of the architecture description 

created. 

 

It is important to highlight that the main contribution of this dissertation 

was to define a systematic process to create a service-oriented architecture 

documentation, which includes the activities of analysis, design, and evaluation, 

based on a set of sub-activities, steps, inputs, outputs, principles, roles, and the 

sequence of activities among the three activities, where the output of one can be 

used as input for the next one. 

6.2 Related Work 
In this section, it was analyzed the five known SOA approaches or processes 

(Arsanjani, 2004; Jones and Mike, 2005; Erl, 2005; Papazoglou and Heuvel, 

2006; Erradi et al., 2006) according to defined foundations elicited in Chapter 

4.  

Table 11 presents the comparison of existent SOA approaches based on the 

defined requirements. The first column shows the requirements and the next 

columns show the SOA approaches. For each requirement it is used the 

following notation: ● (attend the requirement), ○ (attend the requirement 

partially) and - (does not attend the requirement or it was not found in the 

documentation of the approach). The approach attends a requirement once it 

has found an explicit phase, activity or step that comprises the requirement. The 
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approach attends the requirement partially when there is a concern with the 

requirement but it is not found explicitly in the specification of the approach. 

Requirements/SOA Approaches SOMA Jones’s SOAF Erl’s  Papazoglou’s 
Quality attributes oriented ○ ○ ● ○ ○ 
Views-oriented description ○ - - - - 
Architecture evaluation - - - - - 
Business Process oriented ● ● ● ● ● 
Design by contract ● ● ● ● ● 
Service-orientation principles ● - ● ● ● 
Multiple development teams - ● ○ - - 

Table 11. Comparison of existent SOA approaches 

These processes aim to support the full SOA lifecycle, including planning, 

analysis and design, construction, testing, deployment, and governance 

activities, while others limit their scope to a subset of these phases, such as 

analysis and design (Ramollari et al., 2007). For example, the Papazoglou’s 

(Papazoglou and Heuvel, 2006) covers all the development lifecycle and the 

Jones’s approach (Jones and Mike, 2005) covers only initial planning. On the 

other hand, Erl’s approach (Erl, 2005) covers only analysis and design activities 

and the SOAF (Erradi et al., 2006) and SOMA (Arsanjani, 2004), beyond 

analysis and design, covers the construction of the services. Due to this 

coverage, these SOA approaches are not considered a complete and pure 

architecture process, because they are not in accordance with some software 

architecture foundations. 

It is important to highlight that some foundations were not found 

because the full specification of the approach is not available. For example, 

SOMA lacks openly available detailed description of the approach, which makes 

it difficult to further analyze its capabilities.  

In spite of all the approaches to affirm that the quality attributes must be 

considered, only the SOAF defines an activity to elicit these quality attributes. It 

specifies a phase named “Information Elicitation” in which one of the inputs is 

the quality requirements. However, it is not found the technique that it uses to 

obtain these requirements. 

These approaches do not attend of explicit way the view-oriented 

description. Opposite to the proposed process of this dissertation, the 

approaches do not define a set of views to describe the architectural decisions.  

Only the SOMA has a view to represent each layer of the SOA, such as 
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operational systems layer, enterprise components layer, services layer, business 

process layer, presentation layer and integration layer. However, it does not 

propose a set of specific views to represent the different quality attributes. 

The architecture evaluation foundation also is not attended by the 

approaches. None of them has a specific activity to perform an evaluation of the 

architecture created.   

On the other hand, all of these processes are focused on the business 

processes of enterprise, since that all of them have a step to model the business 

processes. This is an important aspect for identification of the services that will 

compose the SOA. 

All the approaches have an explicitly way to elaborate the service 

contract, attending the requirement of Design by contract. This requirement can 

be addressed under different ways. For example, the service contract of the Erl’s 

approach is dependent of technology, since it defines a WSDL as way to 

represent this contract. 

In relation to the requirement of Service-orientation principles, only the 

Jones’ approach does not have an explicit manner to concern with it. All the 

other approaches have it, for example, the Erl’s approach has an activity named 

“Apply service-orientation principles” in which it is verified if the identified 

services are fulfilling the service-orientation principles. This activity motivated 

the elaboration of sub-activity “Apply service-orientation principles” of SOA 

Analysis activity of the proposed process of this dissertation. Other example is 

the SOAF that has an activity named “Define services granularity” in order to 

refine the identified service interfaces. 

In spite of some approaches to attend the design by contract 

requirement, it was observed that only the Jones’s approach has an explicit 

manner to support the multiple development teams’ requirement. This 

approach proposes to perform a collaborative working between the various 

different groups and decide upon a boundaries that work across the business. 

The SOAF does not have an explicit way to fulfill this requirement, however, the 

process evidences through the inputs that it is necessary to have also a 

collaborative working. 
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6.3 Future Work 
According to the contributions obtained during this dissertation, some 

directions for future work can be proposed, as an extension of the study 

performed for the proposed process. These directions are: 

• Guidelines. In order to guide better the architect, it is important to have 

a set of guidelines to perform each sub-activity. In this sense, a future 

research can be developed to elaborate these guidelines; 

• Service Design Phase. This dissertation focused on the SOA Definition 

phase. In spite of the proposed process to suggest that in the Service 

Design phase can be used a traditional architecture process, a new 

specific design process can be elaborated to design the services. For 

example, components are a good way to implement a service. Hence, it is 

necessary activities of service design to find and allocate components to a 

service. Other issue that can be explored in service design is architectural 

patterns to implement a service (Stal, 2006); 

• Service Reuse. Service reuse is an important issue in the service-

oriented development. These issues include both technological and 

organizational aspects. In this sense, tools, techniques, key practices and 

processes must be developed in order to improve the service reuse; 

• Complete SOA Methodology. In order to gain all the benefits of the 

SOA approach, it is necessary a complete methodology that comprises all 

SOA life-cycle, including planning, analysis and design, construction, 

testing, deployment, and governance activities. The planning phase 

determines the feasibility, nature and scope of service solutions in the 

context of an enterprise. Service-oriented analysis and design is a phase 

during which the requirements of a new application are investigated and 

a technological solution is elaborated. The construction phase includes 

development of the service implementation. Service testing is generally 

characterized as a validation exercise, ascertaining that requirements 

have been met and that the deliverables are at an acceptable level in 

accordance with existing standards during the analysis, design and 

implementation phases of the service-oriented design. Deployment 

means rolling out new processes to all the participants, including other 

enterprises, applications and other processes. The goal of service 
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governance is to align the business strategy and imperatives of an 

enterprise with its IT initiatives (Papazoglou and Heuvel, 2006); 

• SOA Maturity Model. To support the difficult process of the SOA 

adoption, it is important a framework that provides maturity levels for 

this adoption. The SOA Maturity Model (MM) includes goals, 

characterization of the scope and business benefits of each level, the 

important industry standards, key practices, and critical success factors, 

both technological and organizational. The SOA MM thus provides 

guidance to set SOA vision and a benchmark to measure progress. 

6.4 Academic Contributions 
The following work have been published in the literature as consequences of this 

work: 

• A XML-based Quality Model for Web Services Certification. In 

ICEIS'07- 9th International Conference on Enterprise Information 

Systems. Madeira, Portugal, 2007; 

• Web Services Quality Assurance: A XML-Based Quality Model. 

In VI Brazilian Symposium on Software Quality. Porto de Galinhas/PE, 

Brazil, 2007; 

• A Software Architecture Process for SOA-based Enterprise 

Applications. 24th Annual ACM Symposium on Applied Computing 

Track on Service Oriented Architectures and Programming Waikiki 

Beach, Honolulu, Hawaii, USA, 2009 (in evaluation). 

6.5 Concluding Remarks 
SOA is a new development paradigm that has became several benefits to the 

business world, for example, it permits the organizations, which have a highly 

fragmented application infrastructure under manage of different business areas, 

can integrate these applications in the service level. 

 The traditional architecture processes do not comprise in the suitable 

way the SOA features. On the other hand, as it was seen in the related work 

section, the available SOA approaches are not in accordance with all 

architecture foundations. In this context, this work presented a new software 
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architecture process for SOA-based enterprise applications in order to guide the 

architect in the elaboration of architecture description. For this goal, it was 

created techniques to address some issues and other existent techniques were 

used to solve other ones. Furthermore, an experimental study made possible to 

analyze the proposed process and to refine it.  

 The SOA promises to improve the flexibility, maintainability, reusability 

and integration of business enterprise applications. However, this area needs 

yet get better in relation of several aspects, such as processes, methods, 

techniques, tools, technologies, and so on. This work is only a part of several 

efforts that are necessary to improve effectively these issues. 
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Appendix A. Service 
Contract Template 

 

 1.  Service <service name> 

 1.1. Service Description 

 This section must contain the service description. 
 
 1.2. Service Provider 

 This section contains the details of the service provider. 
 
 1.3. Service Consumers 

 This section describes the details of the potential consumers of the service. 
 
 1.4. Quality Attributes 

 This section presents the detailed quality attributes of the service. 
 
 1.5. Operations 

 This section presents the operations of the service. 
 

 1.5.1.  Operation <operation name> 

● Pre-conditions 

   The list of pre-conditions of the operation. 

● Postconditions 

   The list of post conditions of the operation. 

● Input Parameters  

   The list of input parameters. 
 

Parameter Description Type 
   

● Output Parameters 

   The list of output parameters. 
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Parameter Description Type 
   

● Exceptions 

   The list of exceptions throws by the operation. 
 

Exception Description 
  

 
 1.6. Data types 

  The list of data types used in the parameters. 
 

Structured Data type name Field name Field type 
  

 
  

 
 1.7. SLA 

  This section informs the SLA involved in the contract. 
 



 

 

Appendix B. SOA 
Documentation Template 

 

1. Documentation roadmap 

This section describes how the documentation is organized. 
 
2. SOA Overview 

This section describes an overview of the SOA description, the purpose of the 
SOA solution, and the quality attributes of the SOA.  
 
2.1 Service Taxonomy 
 This subsection describes the service taxonomy used to categorize the 
service interfaces. 
 
2.2 Services 
This subsection lists the services identified with the information presented 
in the table. Moreover, the Analysis Service Model can be added. 
 

Service 
name 

Category (based on 
the taxonomy) 

Status (New or 
Existent) 

Potential 
consumers 

Provider 

     

 
 
3. Services 
 
3.1 Service <service name>  
   
3.1.1 Business Process Models  
This section lists the business processes that are related to the service. 
 
3.1.2 Analysis Models  
This section presents the models created in the SIW. 
 
3.1.3 Service Contract 
This section presents the service contract. 
 
3.1.4 Service Views 
This section presents the views created in the service level in order to 
address the quality attributes of the service. 
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3.1.4.1 <view name> View  
 
 

4. SOA Views 

This section presents the views created in the enterprise level in order to 
address the quality attributes of the SOA. 
 
4.1 <view name> View 

 
 
5. Glossary and Acronym List 

The words and acronyms with their description used in the document.



 

 

Appendix C. Questionnaires 
used in the Experimental 
Study 

 

QT1 – INDIVIDUAL QUESTIONNAIRE FOR THE PARTICIPANTS  OF THE 
EXPERIMENT 
 
ID: ___ 
 
Course: ( ) Computer Science ( ) Informatics Bachelor  
( ) Other __________________________ 
 
Degree: ( ) Graduate  ( ) M.Sc.  ( ) Ph.D  ( ) Specialization 
 
In which of the categories below do you belong, in relation to SOA context projects?  
( ) I have no experience in projects that involve the SOA approach. 
( ) I have developed some projects of this type during graduation/post graduation 
courses, using SOA approach. 
( ) I have developed, professionally, some projects using SOA approach (up to 3). 
( ) I have developed, professionally, several projects using the SOA approach (more 
than 3). 
 
In which of the categories below do you belong, in relation to Web Services context 
projects? 
( ) I have no experience in projects that involve Web Services technology. 
( ) I have developed some projects of this kind during graduation/post graduation 
courses, using Web Services. 
( ) I have developed, professionally, some projects using Web Services technology (up 
to 3). 
( ) I have developed, professionally, several projects using the Web Services technology 
(more than 3). 
 
In which of the categories below do you belong, in relation to business process 
modeling projects? 
( ) I have no experience in projects that involve business process modeling. 
( ) I have developed some projects of this kind during graduation/post graduation 
courses, using business process modeling. 
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( ) I have developed, professionally, some projects using business process modeling (up 
to 3). 
( ) I have developed, professionally, several projects using business process modeling 
(more than 3). 
 
Please, inform which courses you attended in the system analysis / software engineering 
/ software architecture area 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Do you know any SOA design method/process? Which one(s)? 
______________________________________________________________________ 
 
Do you know any software architecture method/process? Which one(s)? Which of them 
did you use? Please, inform the experience level (1 – Only know, 2 – Already used in 
non-real project, 3 – Already used in real project). 
( ) RUP 4+1 Model View   ( ) ADD (SEI)  ( ) ATAM (SEI)  ( ) Other _______________ 
 
Do you know any interface-oriented technique? Which one(s)? Please, inform the 
experience level (1 – Only know, 2 – Already used in non-real project, 3 – Already used 
in real project). 
( ) OO technique _______________    
( ) CBD technique ________________   
( ) Other _______________    
 
Check you experience or the activities (positions) that you exercise (or have exercised), 
in the software development area: 
( ) Business analyst 
( ) Systems analyst 
( ) Software architect 
( ) Software engineer 
( ) Components developer 
( ) Tests engineer 
( ) Quality engineer 
( ) Configuration engineer 
( ) Project manager 
( ) Teacher (university) in informatics 
( ) Others: _______________________________________________________ 
 
Observations or comments:  
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
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QT2 – INDIVIDUAL QUESTIONNAIRE FOR THE PARTICIPANTS  OF THE 
EXPERIMENT 
 
ID: ___ 
 
What is your opinion about the training? 
( ) Very good   ( ) Good   ( ) Regular   ( ) Unsatisfactory 
 
Regarding the analysis and design using the process, answer: 
 
Do you consider that SIW helps to identify the services? Which improvements would 
you suggest for this sub-activity? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Which difficulties did you find in the SOA analysis activity (justify)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Which improvements would you suggest for the other sub-activities of the SOA 
analysis activity? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Which difficulties did you find in the SOA design activity (justify)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Which improvements would you suggest for the SOA design activity? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Other difficulties: 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Regarding the usefulness and the assistance that the process provides to the architects, 
answer: 
 
The process guides the architect to construct the SOA: 
( ) Strongly disagree 
( ) Disagree 
( ) Neither agree nor disagree 
( ) Agree 
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( ) Strongly agree 
Comments 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Did you consider some specific step (or sub-activity) of the process useless? Which 
one(s)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Did you feel the lack of some specific step (or sub-activity)? Which one(s)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Did you consider some specific viewpoint useless? Which one(s)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Did you feel the lack of some specific viewpoint? Which one(s)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
The process is useful for SOA-based enterprise applications. 
( ) Strongly disagree 
( ) Disagree 
( ) Neither agree nor disagree 
( ) Agree 
( ) Strongly agree 
Comments 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Other comments: 
______________________________________________________________________ 
______________________________________________________________________ 
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QT3 – INDIVIDUAL QUESTIONNAIRE FOR THE PARTICIPANTS  OF THE 
EXPERIMENT 
 
ID: ___ 
 
Regarding architecture description, answer: 
 
The architecture description is complete to design and develop a service. 
( ) Strongly disagree 
( ) Disagree 
( ) Neither agree nor disagree 
( ) Agree 
( ) Strongly agree 
Comments 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Do you consider that some quality attribute was not addressed? Which one(s)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Did you consider some specific viewpoint useless? Which one(s)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 
Did you feel the lack of some specific viewpoint? Which one(s)? 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
______________________________________________________________________ 
 




