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This award-winning book, substantially updated to reflect the latest developments in the field, introduces the concepts and best practices
of software architecture-how a software system is structured and how that system's elements are meant to interact. Distinct from the
details of implementation, algorithm, and data representation, an architecture holds the key to achieving system quality, is a reusable
asset that can be applied to subsequent systems, and is crucial to a software organization's business strategy.

Drawing on their own extensive experience, the authors cover the essential technical topics for designing, specifying, and validating a
system. They also emphasize the importance of the business context in which large systems are designed. Their aim is to present
software architecture in a real-world setting, reflecting both the opportunities and constraints that companies encounter. To that end,
case studies that describe successful architectures illustrate key points of both technical and organizational discussions.

Topics new to this edition include:

® Architecture design and analysis, including the Architecture Tradeoff Analysis Method (ATAM)
® Capturing quality requirements and achieving them through quality scenarios and tactics

L Using architecture reconstruction to recover undocumented architectures

® Documenting architectures using the Unified Modeling Language (UML)

® New case studies, including Web-based examples and a wireless Enterprise JavaBeans(TM) (EJB) system designed to
support wearable computers

® The financial aspects of architectures, including use of the Cost Benefit Analysis Method (CBAM) to make decisions

If you design, develop, or manage the building of large software systems (or plan to do so), or if you are interested in acquiring such
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systems for your corporation or government agency, use Software Architecture in Practice, Second Edition, to get up to speed on the
current state of software architecture.
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Preface

Software architecture is an important field of study that is becoming more important and more talked about with every passing day.
Nevertheless, to our knowledge, there exists little practical guidance on managing software architecture in a real software development
organization, from both technical and managerial perspectives. This book has emerged from our belief that the coupling of a system's
software architecture and its business and organizational context has not been well explored.

Our experience with designing and analyzing large and complex software-intensive systems has led us to recognize the role of business
and organization in the design of the system and in its ultimate success or failure. Systems are built to satisfy an organization's
requirements (or assumed requirements in the case of shrink-wrapped products). These requirements dictate the system's performance,
availability, security, compatibility with other systems, and the ability to accommodate change over its lifetime. The desire to satisfy these
goals with software that has the requisite properties influences the design choices made by a software architect.

In this book we demonstrate this coupling of software architecture and corporate context through the use of case studies drawn from real
systems. Our examples include the following situations:

® The desire to share documents quickly and easily within an organization, with a minimum of centralized control, led to the
software architecture of the World Wide Web.

® The extreme safety requirements of air traffic control led one company to build a system around an architecture for achieving
ultra-high availability.

® The distribution of the subsystems of a flight simulator to remotely located developers led to an architecture geared to enable
smooth integration of these subsystems.

® The need to satisfy simultaneous product deliveries led (in fact, forced) one company to adopt an architecture that enabled
the company to build a set of complex related software systems as a product line.

® The need to standardize architectural approaches across organizations and in the community at large led to infrastructures
such as J2EE and EJB.

These and other case studies show that software architectures flow from the requirements of organizations and their business models,
from the experience of the organization's architects, as well as from the prevailing design climate.

In addition, we show how architectures themselves can be powerful vehicles for influencing all of the preceding. A successful product or
set of products can influence the way other products are built. Certainly the case study about the software underlying the World Wide
Web is a good example of this. Before this system existed, there was far less network awareness, less thought was given to accessibility
of data, and security was the concern of only a few organizations, typically financial institutions and government agencies.

Our book is aimed at software professionals—the people who design and implement large software-intensive systems, the managers of
software professionals, and the students who are hoping to become software professionals.

We believe that a software architecture is the development product that gives the highest return on investment with respect to quality,
schedule, and cost. Because its architecture appears early in a product's lifetime, getting it right sets the stage for everything to
come—the system's development, integration, testing, and modification. Getting it wrong means that the fabric of the system is wrong,
and it cannot be fixed by weaving in a few new threads or pulling out a few existing ones, which often causes the entire fabric to unravel.
Also, compared to other development activities, analyzing architectures is inexpensive. Thus, architectures give a high return on
investment because decisions made for the architecture have substantial downstream consequences and because checking and fixing
an architecture is relatively inexpensive.

We also believe that re-use is achieved best within an architectural context. But components are not the only artifacts that can be
re-used. Re-use of an architecture leads to the creation of families of systems, which in turn leads to new organizational structures and
new business opportunities.
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We devote a large percentage of this book to presenting real architectures that were designed to solve the real problems of real
organizations. We chose the cases presented here to illuminate the types of choices that architects must make to achieve their quality
goals and to illuminate how organizational goals affect the final systems.

In addition to the case studies, this book offers a set of techniques for designing, building, and evaluating software architectures. We look
at techniques for understanding quality requirements in the context of an architecture, and for building architectures that meet these
quality requirements. We look at architecture representation and reconstruction techniques as a means of describing and validating
software architectures. We look at techniques for analyzing and evaluating an architecture's fithess for its purpose. Each of these
techniques is derived from our experience, and the experience of our colleagues at the Software Engineering Institute, with a variety of
software systems. These systems range up to millions of lines of code and are large-team, multi-year development efforts.

Although we discuss business issues throughout the book (for example, an architecture's effects on an organization's ability to compete
in a market or a product family's time-to-market), we present this material without going into great depth on the business issues, and
without business jargon. We are, after all, software engineers. We present the technical sections of our book in more depth. These
sections represent current work in the field of software architecture—the point where research meets practice. The case studies
illuminate these technical foundations, and show how they are realized in practice. To benefit from the lessons illuminated by the case
studies, you will need a reasonable background in computer science, software engineering, or a related discipline. However, we have
written them in such a way that you will not need expertise in the application domain from which the case study was drawn. For example,
you do need not be a pilot to understand either the air traffic control system or the flight simulation case studies.
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What's New in the Second Edition

Our goals for this second edition are the same as they were for the first, but the passage of time since the writing of the first edition has
brought new developments in the field and new understanding of the important underpinnings of software architecture. We reflect the
new developments with new case studies and our new understanding both through new chapters and through strengthening the existing
chapters. Also, the writing of this second edition has been strongly influenced by several other books that we have collectively authored
since the publication of the first edition—Documenting Software Architectures, Evaluating Software Architectures: Methods and Case
Studies, and Software Product Lines: Principles and Practice. The creation of these books, along with other technical and research
activities, has greatly influnced us in developing this book. This second edition reflects the fact that architecture analysis, design,
reconstruction, and documentation have all had major developments since the first edition.

Architecture analysis has developed into a mature field with industrial-strength methods—reflected here by a new chapter in Part Three

about the Architecture Tradeoff Analysis Method (ATAMSM). Many industrial organizations have adopted the ATAM as a technique for
evaluating software architectures.

Architecture design has also had major developments since the first edition. The capturing of quality requirements, their achievement
through small-scale and large-scale architectural approaches (tactics and patterns, respectively), and a design method that reflects
knowledge of how to achieve them are all discussed in various chapters. Three new chapters treat understanding quality requirements,
achieving qualities, and the Attribute Driven Design Method (ADD).

Architecture reconstruction, or reverse engineering, is an essential activity for capturing undocumented architectures. It can be used as a
portion of a design project or as an analysis project, or as input into a decision regarding what to use as a basis for reconstructing a
system. In the first edition, we briefly mentioned a tool set (Dali) and its uses in the re-engineering context, but in this edition the topic
merits its own chapter.

Documenting software architectures is another topic that has matured considerably in the recent past. When the first edition was
published, the Unified Modeling Language (UML) was just arriving on the scene. Now it is firmly entrenched, a reality reflected here with
all-new diagrams. More important, an understanding of the kind of information to capture about an architecture, beyond which notation to
use, has emerged. A new chapter covers architecture documentation.

The application of software architecture to enable organizations to efficiently produce a variety of systems based on a single architecture
is summarized in a totally rewritten chapter on software product lines. This chapter reinforces the link between architecture and an
organization's business goals, in view of the fact that product lines (based around a software architecture) can enable
order-of-magnitude improvements in cost, quality, and time-to-market.

In addition to the architectural developments, the technology for constructing distributed and Web-based systems has become prominent
in today's economy. We reflect this trend in our updated chapter on the World Wide Web by using Web-based examples in the chapter
on the ATAM and the chapter on building systems from components, by replacing the case study on Common Object Request Broker
Architecture (CORBA) with one on Enterprise JavaBeans (EJBs), and by introducing a case study on a wireless EJB system designed to
support wearable computers for maintenance technicians.

Finally, we have added a chapter that looks more closely at the financial aspects of architectures. In this chapter, we introduce a
method—the Cost Benefit Analysis Method (CBAM)—for basing architectural decisions on economic criteria, in addition to the technical
criteria that we discussed previously.

As in the first edition, we use the Architecture Business Cycle (ABC) as a unifying motif. All of the case studies are described in terms of
the quality goals that motivated the system's design and how the system's architecture achieves those goals.

In writing the second edition, as with the first, we were very aware that our primary audience is practitioners, and so we have focused on
material that has been found useful in many industrial applications as well as what we expect practice to be in the near future.

We hope that you enjoy reading this second edition at least as much as we enjoyed writing it.
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Audience

This book is for software professionals, or students who have knowledge and experience in software engineering. We anticipate three

classes of reader:

® practicing software engineers who wish to understand both the technical basis of software architecture and the business and
organizational forces that are acting on them.

® Technical managers who wish to understand how software architecture can help them to supervise the construction of
systems more effectively and improve their organizations.

® Students of computer science or software engineering who might use this book as supplemental reading in a first or second
software engineering course.
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Parts and Chapters

The book is divided into four parts, roughly following a life-cycle perspective, which we call the Architecture Business Cycle, of how
architectures fit into a business:

® Envisioning Architecture—

® Creating an Architecture— &

® Analyzing an Architecture— &

® Moving from One System to Many—

The case studies are in H E E E @ and B and are clearly noted in the chapter titles.

In detail, the parts and chapters cover the following ground.
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: Envisioning an Architecture

Chaéter ﬂ— The Architecture Business Cycle

The theme that weaves through this book is that architectures do not exist by themselves, but are part of a cycle. Architecture is a
means toward an end. It is influenced by the functional and quality goals of both the customer and the developing organization. It is also
influenced by the architect's background and experiences and by the technical environment. Architecture in turn influences the system
being developed, and it may be a core asset that influences the developing organization. The system also has an effect on the
developing organization; the architecture; and, potentially, the technical environment. This effect affects the future goals for the system
and its organization. The influences and feedback loops that surround an architecture form the ABC.

Chapter 4 — What Is Software Architecture?

An architecture is a description of system structures, of which there are several (module decomposition, process, deployment, layered,
etc.). Architecture is the first artifact that can be analyzed to determine how well its quality attributes are being achieved, and it also
serves as the project blueprint. An architecture serves as the vehicle for communication, is the manifestation of the earliest design
decisions, and is a re-usable abstraction that can be transferred to new systems. These are the things we mean when we use the word
architecture.

— A-7E Avionics System: A Case Study in Utilizing Architectural

Structures

The A-7E Avionics System was a project that paid special attention to the engineering and specification of three distinct architectural
structures to achieve developmental simplicity and modifiability. The chapter shows how (and why) the structures were designed and
documented.
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Eart Twol: Creating an Architecture

Chapter 4 - Understanding Quality Attributes

A motivating factor for all architectures is the desire to achieve particular software qualities. This chapter discusses software qualities
and their implications. It presents a method for understanding qualities in architectural terms, by characterizing the stimuli that we apply
to systems in order to observe their qualities, and by characterizing the systems' responses in measurable, observable ways when
manifesting those qualities.

Chaéter Q— Achieving Qualities

Once the desired qualities of a system are known, the problem of designing an architecture to achieve these qualities remains. This
chapter describes a number of techniques used to achieve development and runtime qualities. The primary mechanisms are tactics,
which are design decisions that influence the control of a quality attribute. Tactics can be grouped into architectural strategies and
architectural patterns.

Chaéter a—Air Traffic Control: A Case Study in Designing for High Availability

A system designed for air traffic control had the quality goal of extremely high availability. This goal motivated a number of architectural
decisions, which are discussed in this chapter. In addition, this case study emphasizes the interplay of architectural structures and views
(as discussed in ) and architectural tactics (as discussed i , and it shows how they work in concert to achieve

qualities.

Chapter 71— Creating the Architecture

With the foundational tools in hand (architectural views and structures, expressing quality attributes, tactics and patterns for achieving
them), we are ready to address creating the architecture. This chapter discusses the role of architecture from the perspective of a
system's overall life cycle. It presents a design method for producing an early architecture that can be refined and can evolve. Once the
architecture is sketched, it can be used to form the project's team structure and to create a skeletal system as the basis for incremental
development.

— Flight Simulation: A Case Study in Architecture for Integrability

This chapter describes an architecture for flight simulation. It shows how careful attention to the software architecture in a complex
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domain enabled the construction of a set of large systems that met their stringent functional and fidelity requirements, could be
understood by a variety of software engineers, were easy to integrate, and were amenable to downstream modifications.

Chaéter Q— Documenting Software Architectures

An architecture is only as good as its ability to be communicated to and understood by its stakeholders. This chapter lays out an
approach to documenting a software architecture. Documenting an architecture is a matter of recording the relevant views and then
recording the information that applies across the views. The chapte