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Chapter 1

An Introduction to
Architecture

The field of software development is relatively young, and the sub-field of soft-
ware architecture is younger still. Although many of the basic principles of
what we now call “software architecture” have been known and practiced for
decades, software architecture has only been recognized as a distinct practice
for a little over ten years. Although Perry and Wolf published on software
architecture as early as 1989 [Perry and Wolf, 1989], the publication of Shaw
and Garlan’s book, Software Architecture: Perspectives on an Emerging Disci-
pline |Garlan and Shaw, 1996], could be considered to mark the starting point
of software architecture as a discipline within the broader field of software de-
velopment.

Since software architecture is so young, it is still defining itself. We will
provide one possible definition of what “software architecture” is. Our defi-
nition concurs with most other published definitions... yet, we think there is
more to software architecture than is (or perhaps can be) captured by such a
short definition. So we will provide several other ways of understanding what
software architecture is. In a similar vein to the now-accepted notion that the
architecture of a system is expressed using multiple views, each showing some-
thing different about the system, our way of “defining” software architecture is
to present several “views” of it!

But first, we must define what we mean by a “software system.”



2 CHAPTER 1: An Introduction to Architecture

1.1 Software systems

A system is a collection of parts and a set of unifying principles or purposes
that together makes the collection of parts form a unified whole with a single
purpose. The system can itself form a part of another, larger, system.

For example, in biology, the cardio-vascular system transports blood through-
out the body, carrying oxygen from the lungs to the bodily tissues, and removing
waste products from those tissues. It consists of the heart, arteries and veins,
and the blood itself. Related systems include the lymphatic system and the
respiratory system.

A software system, then, is a system in which the parts, and the realization
of the unifying principles (communication between the parts, for example) are
mostly of software elements. There are other elements that come into play, such
as the hardware on which the software runs, and the network hardware that
various elements of the system will use to communicate. Still, a software system,
as opposed to, say, a computer system, or a network topology, is primarily
concerned with elements that are constructed by writing software. As in the
biology example, software systems may themselves be parts of a larger system.
In this case, we often use the term subsystem.

Now, since a system has a single purpose, so does a software system. Whether
it is to route packets to the appropriate destination, or to manage the accounts
of a large company, or something else, the system has to have some purpose.
We will continue this discussion in the next section.

1.2 A simple definition of software architecture

The term “architecture” is applied in many fields. As a metaphor for building
architecture (the first kind of architecture), practitioners in different disciplines
have evolved different but similar understandings of what architecture means
in that field. Examples include building architecture, from which the other
fields borrow the term; naval architecture, the art and science of designing and
building boats and ships; and computer architecture, the study of and discipline
related to the structure and operation of computer processors.

Many things that we think of as “architecture” are often characterized as
being both an “art” and a “science.” We can also note that things that we think
of as “architecture” have the following characteristics:

e The whole consists of smaller parts.
e The parts have relations to each other.

e When put together, the parts form a whole that has some designed purpose
and fills a specific need.

The definition feels a bit redundant, but we think it works well. Where
our definition is a little different from most such definitions is the addition of
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1.3 Understanding software architecture... 3

the phrase “has some designed purpose and fills a specific need.” We think
that, if you are after a short definition, this phrase adds nicely to the primarily
structural flavor of the rest of the definition. That is, if you are designing the
architecture of a system, you do so in such a way that the system does what
you've designed it to do, and it does that because there’s a need—driven by
human concerns—that it do so. Software architecture is no different, and we
come back to this throughout the book: the software systems we build are there
to fill a human need, and it is good for us technical types not to forget this. The
cost of forgetting is that we build systems that either no-one wants, or no-one
is prepared to pay for. And that is not a very rewarding way to spend a career
in software.

The word “architecture” itself has several levels of meaning. We can consider
the above definition to be describing:

1. The architecture of a software system

When we build a software system, part of that process is designing the
architecture. This architecture describes the system as a whole, breaks
it down into parts, and then says how the parts come together to have a
designed purpose and meet a human need.

2. A field of study

This is what is usually meant by “architecture” in the building sense.
Software architecture is the knowledge that exists about how to go about
designing the architecture of software systems. This book, for example, is
a book about software architecture in this sense. (It is not a book about
the architecture of any particular software system.)

3. What software architects do

This could almost be considered a definition on its own. What is software
architecture? It’s what software architects do. Trite, but in some ways,
quite true. A software architect goes about designing a system to have a
purpose and fill a need, by considering the whole, the parts, and then the
whole again, and the way he or she goes about that is called “software
architecture.”

The last item, in particular, pushes the boundaries of what our definition
above can encompass, because it turns out that software architects do a lot of
things other than what the definition said. So, let’s look at some other ways of
“defining” software architecture.

1.3 Understanding software architecture...

In terms of understanding what “software architecture” is, it might be easier
to explain in ways other than by providing definitions. In this section, we will
provide ways of understanding what software architecture is by placing it into
the context of a range of different software development activities.

SAMPLE CHAPTER A SOFTWARE ARCHITECTURE PRIMER



4 CHAPTER 1: An Introduction to Architecture

1.3.1 By analogy: making buildings

Often, software architecture is likened to building architecture. A well-known
analogy is that provided by Grady Booch, in which he examines software devel-
opment on three scales: building a dog kennel, building a house, and building
a skyscraper. Clearly, when building a dog kennel, a significant investment in
architectural design is not required—in fact, if one were handy with building
things out of wood, it may not even be necessary to make any plans other than
the most cursory measurements (how big is the dog so we know what size the
door needs to be) and plans (a quick “back of the envelope” calculation to be
sure that we have enough wood).

When building a house, an “architect” may or may not be necessary. Almost
certainly, plans of some kinds will be needed. But more than that—well, it
depends on the nature of the dwelling, the needs of the owners, and the skill of
the builders.

When building a skyscraper, however, architects are certainly needed, in or-
der to create the vision, the plan, and the structure of the building. Attempting
to build a skyscraper without a significant investment in architecture would of
course be a complete disaster.

In software development, it is common to use analogy and metaphor to
explain what it is that we, the builders of these software systems, think it is
that we are doing. This is both for the benefit of ourselves, in order that we can
form and define our own profession, and for the benefit of outsiders, in order
that we might explain to them what it is that we do and why it is so difficult. We
have to use analogy and metaphor, because the software itself is so intangible.

It is worth remembering, though, that analogies and metaphors are only
that: analogies and metaphors. In their classic book Metaphors We Live By
[Lakoff and Johnson, 1980], Lakoff and Johnson explain that metaphors illumi-
nate as much by their differences and limits as they do by their similarities.
Thus, the kennel/house/skyscraper analogy is meant to illustrate an important
point, which is that the way that we approach a problem varies according to
the scale of the problem. It does not mean (as it sometimes appears to be
taken) that we are supposed to find the software equivalent of concrete-pourers
and brick-layers. Software development is an extremely challenging intellectual
task, and trivializing or glorifying any role in this complex co-operative venture
is likely to be futile and counter-productive.

1.3.2 By its place in the development lifecycle

While architecture plays a role throughout the development of a software sys-
tem, much of the architectural design work fits neatly between requirements
and analysis, and the beginnings of design and implementation. Figure [1.1!il-
lustrates the place of architecture in the Evolutionary Delivery lifecycle model,
as explained by Steve McConnell [McConnell, 1996]. From the diagram, it is
clear that in this lifecycle model, architectural design notionally follows require-
ments gathering and analysis, and that there is also an iterative feedback loop
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Figure 1.1: Architecture in the software development lifecycle

from architecture back to requirements analysis.

Evolutionary Delivery is an iterative lifecycle model, and the first develop-
ment iteration can be used to develop the key architectural elements of the sys-
tem. By the end of this iteration, key subsystems, communications infrastruc-
ture, external libraries and other packages, and system startup and shutdown
mechanisms should be in place. In addition, static structures such as direc-
tory structures, regression testing infrastructure, and configuration management
should also be in place.

In subsequent iterations, functionality is added to flesh out this “skeleton.”
In this particular lifecycle model, each iteration adds a pre-planned set of fea-
tures or functionality, which is then reviewed by the development team and
customers to fine-tune planning for the next iteration. Although not shown on
the diagram, elements of the architecture may be altered as well, although this
becomes increasingly expensive as the iteration count increases.

1.3.3 By its impact on system lifetime

Although “everybody knows” that maintenance consumes over half of the money
put into any given system, software engineering texts still focus mostly on the
development of the system, up until deployment. But if we consider the lifecycle
of the system itself, rather than just the development lifecycle, we might get a
diagram as in Figure [1.2|

Many of the issues that software architecture addresses impact the whole
lifetime of the system. For example, architecture explicitly considers maintain-
ability, or the ability of the system to be maintained. It addresses configurabil-
ity, or the ability of the system to be configured to a particular installation and

)
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6 CHAPTER 1: An Introduction to Architecture
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Figure 1.2: The lifecycle of a software system

hardware structure. It addresses scalability, or the ability of the system to have
its capacity (throughput, number of users, and so on) increased when needed
during its operational lifetime.

Many of the decisions made during the architectural design process will
be trade-offs of these types of attributes, against more commonly-considered
attributes such as performance and reliability. These decisions will be made
based on the relative importance of factors such as the anticipated future use
of the system, as well as on immediate needs such as feasibility, cost, and time
to delivery.

1.3.4 By “-ilities”

Suppose you were given a functional specification of a software system, and
then somehow implemented it. The system is acceptable, since it meets the
functional specification, right?

Wrong. Software is a complex technology, and there are myriad ways of
implementing that same functional specification. And each implementation
will have different characteristics that will improve or detract from the over-
all “worth” of that system within the particular context in which it is developed
and used. Two obvious examples are time to delivery and cost of development,
which are important in most models of development (but not all). Let’s look at
a few more.

Suppose, for example, that your system worked perfectly, and processed 100
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1.3 Understanding software architecture...

whatsits per second. Business improves and you now need to process 200 what-
sits per second—what do you do? You cannot simply run it on two computers,
since you didn’t design it to be run that way. We’ve just run into two key sys-
tem qualities—performance and scalability—that needed to be considered much
earlier.

Suppose that once the system is running, an unexpected issue arises: a
very particular combination of circumstances causes unexpected results. Well,
clearly, the system doesn’t meet its functional specification, as you thought.
But more importantly, what are you going to do about it? You have to find the
problem, and then fix it. A system that has had the attributes testability and
maintainability explicitly considered during its earliest design phases is likely to
be fixed in less time and with less cost than one that hasn’t.

Attributes such as those just mentioned are sometimes called the “-ilities.”
We will call them quality attributes in this book. Sometimes, it is said that
the purpose of software architecture is to consider the quality attributes. We
think this statement might be a bit limiting, but the quality attributes certainly
occupy much of the territory of software architecture.

1.3.5 By its role in a software business

The purpose of a software system and the specific needs that it fills are in-
evitably linked to the goals and aspirations of the organization developing the
system. These goals are typically commercially driven, but may take on a more
benevolent character in some cases. Regardless of the motivation, the form
and structure of a software system is critical to the success of the system and
hence the success of the organization developing the system. This places soft-
ware architecture firmly within the business context of organizations developing
software systems.

The business of developing software is a process of reconciling the concerns
of a diverse range of stakeholders (customers, users, designers, developers, man-
agement, investors, and so on). Sitting as it does at the interface between what
is needed (the requirements) and how those needs will be addressed (the software
design), software architecture can provide a vehicle for communication between
the various stakeholders.

The architectural vision of a system can be used to convince investors of the
long-term relevance and viability of the system. The architectural design can
be used to demonstrate to customers that the system will be able to perform
its mission in the particular ways that matter to those customers (its “ilities”).
Users can gain an understanding of how they will interact with the system based
on its architecture.

The architecture of a system also establishes the design framework for the
software designers and developers whose job it is to implement the system.
An implementation that fails to conform to the system’s architecture will have
repercussions that can be traced back to the concerns of the stakeholders for
whom the system is being built.

7
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Figure 1.3: A web-based bulletin board

Software architecture has a central role in facilitating communication within
this business context, and it is the software architects that carry the message.
As a result, software architects enjoy a wide range of professional relationships
with all of the key stakeholders in a software development enterprise.

1.3.6 By example

Software architecture can also be understood by example—that is, by looking
at the architecture of different systems and comparing them. Figure 1.3is a
diagram that might appear in a description of the architecture of a web-based
bulletin board, while Figure [1.4/is a diagram that might appear as part of the
architecture documentation for a video-processing system. Clearly, the purpose
of each system is very different, but so is its architecture.

The web-based system is structured in what is known as a “3-tier” archi-
tecture. Each of the three layers, called Presentation, Logic, and Data, has a
different and distinct purpose. Respectively:

e Presentation of information to the user (that is, the user interface)
e Execution of the logic associated with the application

e Storage of persistent data—in this case, the bulletin board configuration
and the posts made by its users

REEKIE AND MCADAM SAMPLE CHAPTER
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Figure 1.4: A video-processing system

Quality attributes that will be important for this system include response
time (you generally don’t want to wait more than a second or two for a web
page), scalability (if the site is successful, many processors may be needed to
support the traffic), and availability (since it’s a web site, people expect it to
be working all the time).

The video processing system, in contrast, has real-time requirements, since
video is coming in through the Capture interface in real time. Each successive
stage in the pipeline labeled Scaling, Recognition, and Compression, performs
an independent processing step on each frame of video data. In this diagram,
the little clock-like icon indicates a component with real-time requirements—in
the system implementation, a dedicated scheduling component of some kind will
be needed to ensure that frames are not dropped.

Quality attributes that will be important for this system will most likely be
related to performance: that is, the system must be able to process all frames
received at the given frame rate. Extensibility may be important, as it may be
envisaged that better processing algorithms will become available in the future,
so it must be relatively easy to add new processing modules.

Now, you could probably create a video-processing system with an archi-
tecture like Figure [1.3, and a web-based bulletin board with an architecture
like Figure 1.4. The architecture, however, would be a very poor fit to the
application and will be unlikely to realize the desired quality attributes.

1.3.7 As a conceptual framework

Finally, software architecture is a conceptual framework that helps us to under-
stand and build a software system. In The Mythical Man-Month [Brooks, 1974],
Fred Brooks pointed out the importance of the conceptual integrity of a system.
A clean and clearly-defined architectural core contributes greatly to conceptual
integrity. The overall structure and organization of the system, the methods

9
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10 CHAPTER 1: An Introduction to Architecture

of communication between the different parts of the system, and the principles
through which the architecture has been and should continue to develop, form
this architectural core.

1.4 The rest of this book

Now that we have presented an overview of and the rationale for software archi-
tecture, we will move on to presenting ideas and techniques that you can apply
in your own work. At first, these ideas and techniques may seem a little dis-
connected from each other, but once you become familiar with them, we think
that you will find that they will mesh well together and with the system design
and development techniques that you already use.

In Chapters 2 and 3, we capture, as quickly and easily as possible, key
elements of the context in which the system is built: the system overview, con-
straints placed on the system, and stakeholder expectations. We then proceed
to explore an initial design approach to the system’s architecture, using simple
“box and line” diagrams for describing the structure of a system. We end by
tying the structure of the system to its dynamic behavior.

In Chapters 4 to 6, we look at three different “views” of a system. It’s
generally recognized that a complex system needs to be described in a number
of different ways, each focusing on a different set of concerns. In these three
chapters, we focus on the conceptual structure of the system, on its runtime
structure, and on its build-time structure.

In Chapter 7, we look at large-scale patterns that occur in systems. These
patterns or “styles” provide a vocabulary and design guidance for a number of
commonly-occurring system structures, such as N-tier architectures, pipe-and-
filter architectures, and so on.

Chapter 8 explores quality attributes in more detail. We select a few inter-
esting quality attributes and explore how they interact with different types of
system.

Chapter 9 discusses how architecture interacts with software development
processes. Architecture can also be treated more formally than we have done in
most of this book, and so we provide an introduction to the formal definition of
views as given by the IEEE 1471 standard.

Chapter 10 looks a little more deeply at the place of software architecture
in a particular type of software system: industrial control systems. This chap-
ters places the concepts described in this book into the context of a specific
application domain.
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