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Abstract
Agile software development is an evolutionary, highly collaborative, quality-focused approach to software
development where potentially shippable working software is produced on a regular basis. Agile software
development processes include Scrum, Extreme Programming (XP), Open Unified Process (OpenUP), and
Agile Data (AD), to name a few. Agile approaches are being applied to web applications, mobile applications, fat-client applications, business intelligence (BI) systems, and even mainframe applications. They are
being applied by a range of organizations, including but not limited to e-commerce companies, financial
companies, manufacturers, retailers, and government agencies. Agile approaches can be scaled for large
teams, geographically distributed teams, regulatory situations, complex domains, complex technologies,
and to address enterprise issues.

INTRODUCTION
Agile software development is an evolutionary, highly collaborative, quality-focused approach to software development
where potentially shippable working software is produced on
a regular basis. Agile software development processes
include Scrum, Extreme Programming (XP), Open Unified
Process (OpenUP), and Agile Data (AD), to name a few.
Agile approaches are being applied to web applications,
mobile applications, fat-client applications, business intelligence (BI) systems, and even mainframe applications. They
are being applied by a range of organizations, including but
not limited to e-commerce companies, financial companies,
manufacturers, retailers, and government agencies.
Agile software development techniques have taken the
industry by storm, with 76% of organizations reporting in
mid-2009 that they were adopting agile techniques, and
that on average 44% of their project teams were doing
so.[1] Agile is becoming widespread because it works—
organizations are finding that agile project teams, when compared to traditional project teams, enjoy higher success rates,
deliver higher quality, have greater levels of stakeholder
satisfaction, provide better return on investment (ROI), and
deliver systems to market sooner.[2] But, just because the
average agile team is more successful than the average traditional team, that does not mean that all agile teams are
successful nor does it mean that all organizations are achieving the potential benefits of agile to the same extent. That is
because every organization is unique, with its own goals,
abilities, and challenges.
There is no official definition of agile software development. Due to the culture of the agile community, it is
unlikely that there ever will be one “official” definition for
agile software development. Working with dozens of organizations around the world, I have found the following
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definition to be effective: Disciplined agile delivery is an
evolutionary (iterative and incremental) approach that
regularly produces high-quality solutions in a costeffective and timely manner via a risk- and value-driven
life cycle. It is performed in a highly collaborative, disciplined, and self-organizing manner within an appropriate governance framework, with active stakeholder
participation to ensure that the team understands and
addresses the changing needs of its stakeholders.
Disciplined agile delivery teams provide repeatable results
by adopting just the right amount of ceremony for the
situation that they face.

THE AGILE ECOSYSTEM
An ecosystem is a community whose members benefit
from each other’s participation via symbiotic relationships.
The “agile ecosystem” is the community of software professionals who are actively applying, and better yet
improving upon, what we call agile software strategies
and techniques. This section begins with an overview of
the seminal “Agile Manifesto,”[3] it then presents criteria to
help you determine if a team is agile, describes how agile is
different than traditional approaches, and describes how
agile is similar to traditional approaches.
Agile Manifesto
The agile ecosystem started in February 2001 when 17
experienced software practitioners met in Snowbird, Utah
to discuss how to effectively develop software-based systems.[4] Out of that meeting came what is now called the
Agile Manifesto, which states
29
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We are uncovering better ways of developing software
by doing it and helping others do it. Through this work we
have come to value the following:
1.
2.
3.
4.
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Individuals and interactions over processes and
tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan

That is, while there is value in the items on the right [of the
“over”], we value the items on the left more.
A good way to regard the manifesto is that it defines
preferences, not alternatives, encouraging a focus on certain
areas but not eliminating others. The interesting thing about
these value statements is they are something that almost
everyone will instantly agree to, yet will often abandon in
practice. Senior management will always claim that its
employees are the most important aspect of their organization, yet insist they follow bureaucratic processes and treat
their staff as replaceable assets. Everyone will readily agree
that the creation of software is the fundamental goal of
software development, yet insist on spending months producing documentation describing what the software is and how
it is going to be built instead of actually building it.
The values of the Agile Manifesto are supported by a
collection of 12 principles,[5] which explore in greater detail
the philosophical foundation of agile software processes.
These principles are as follows:
1.
2.

3.

4.
5.

6.

7.
8.

9.
10.

Our highest priority is to satisfy the customer through
early and continuous delivery of valuable software.
Welcome changing requirements, even late in development. Agile processes harness change for the customer’s competitive advantage.
Deliver working software frequently, from a couple
of weeks to a couple of months, with a preference to
the shorter timescale.
Business people and developers must work together
daily throughout the project.
Build projects around motivated individuals. Give
them the environment and support they need, and
trust them to get the job done.
The most efficient and effective method of conveying information to and within a development team is
face-to-face conversation.
Working software is the primary measure of
progress.
Agile processes promote sustainable development.
The sponsors, developers, and users should be able
to maintain a constant pace indefinitely.
Continuous attention to technical excellence and
good design enhances agility.
Simplicity—the art of maximizing the amount of
work not done—is essential.

11.
12.

The best architectures, requirements, and designs
emerge from self-organizing teams.
At regular intervals, the team reflects on how to
become more effective, then tunes and adjusts its
behavior accordingly.

Criteria for Being Agile
One challenge, which many organizations face, is that
project teams will claim to be agile, yet management,
who often has little or no experience with agile approaches,
cannot tell if the claims are true and just overzealous (I am
being polite). Ad hoc teams, those that are not following
any acknowledged process, and agile teams alike will point
to the Agile Manifesto and claim that they are both agile.
Yet to experienced agilists, it is very clear that the ad hoc
teams are not agile at all. I have yet to discover an ad hoc
development team that met all five, and rarely even two or
three, of the following criteria for agile development
teams. Furthermore, I have yet to discover an agile team
that did not meet the criteria, or at least were well on their
way to meeting them. An agile team should take care of the
following:
1.

2.

3.

Produce working software on a regular basis.
This is one of the 12 principles behind the Agile
Manifesto, and in my experience is a critical
differentiator between the teams that are agile and
those that are merely claiming it. Ideally, the team
should produce potentially shippable software at
each iteration (an iteration is also known as a time
box or sprint). That does not mean that they will
deploy the system into production, or the marketplace, at each iteration but they could if required to
do so. Typically the team will deploy into a preproduction testing environment or a demo environment
at the end of each iteration (or more often for that
matter).
Do continuous regression testing, and better yet, take
a test-driven development (TDD) approach. Agile
developers test their work to the best of their ability,
minimally doing developer regression testing via a continuous integration (CI) strategy and better yet do
developer-level TDD. Agile practices, including both
TDD and CI, are described in greater detail below.
Work closely with their stakeholders, ideally on a
daily basis. A common practice of agile teams is to
have an on-site customer or product owner who
prioritizes requirements and provides information
on a timely manner to the team. Disciplined agile
teams take it one step further and follow the practice
of active stakeholder participation where the stakeholders get actively involved with modeling and
sometimes even development.
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4.

5.

Be self-organizing within an appropriate governance framework. Agile teams are self-organizing,
which means that the people doing the work determines how the work will be done, they are not told by a
manager who may not even be directly involved with
the work how it will be done. In other words the team
does its own planning, including scheduling and estimation. Disciplined agile teams are self-governing
within an effective governance framework, ideally a
lean development governance framework.[6]
Regularly reflect on how they work together and
then act to improve on their findings. Most agile
teams hold a short meeting at the end of each iteration
to reflect upon how well things are working and how
they could potentially improve the way that they are
working together. Sometimes this is done in a more
formalized manner in the form of a retrospective,[7]
but often it is done informally. The team then acts on
one or more of their suggested improvements at the
next iteration. Disciplined agile teams take this one
step further and measure their software process
improvement (SPI) progress over time.

How Agile Is Different
Knowing how agile software development differs from traditional approaches to software development can help you to
understand agile better. There are several key differences:
1.

2.

3.

There is a greater focus on collaboration. Agilists
prefer more effective means of communication, such
as face-to-face conversation as opposed to documentation.[8] They also insist on stakeholders being
actively involved throughout the entire project, not
just during a requirements phase and an acceptance
testing phase.
There is a greater focus on quality. Agilists strive
to have a full regression test suite for their systems,
which they run on a regular basis, often several times
a day. They develop loosely coupled and highly
cohesive architectures and will refactor[9] their code
whenever they need to in order to keep them this way.
There is a greater focus on working software. One
of the principles behind the Agile Manifesto states
that the only valid measure of progress on a software
development project is the production of working
software. By producing potentially shippable working software on a regular basis at each iteration, they
provide greater visibility to their stakeholders as to
the status of their project. This provides more opportunities for concrete feedback, increasing the ability
and frequency of the stakeholders to steer the project,
thereby increasing the chance that the team will produce a system that meets their actual needs.[2] A side
effect of increasing visibility in this manner is that
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4.

5.

there is less need for (expensive) detailed specifications and the bureaucracy surrounding them.
Agilists are generalizing specialists. A generalizing
specialist is someone with one or more specialties,
such as programming or database administration, at
least a general knowledge of the overall software
process, a knowledge of the domain that they are
working in, and most importantly a desire to improve
their skillset.[10] Teams composed of generalizing
specialists require less people to accomplish the
same goals, there are less hand-offs between those
people, and they work together more effectively
because they have more in common.
Agile software development is based on practice.
The original 17 people discussed what worked in practice whereas many traditional strategies reflect how we
wished things worked in theory. Big difference.

How Agile Is the Same
The “software engineering laws of physics” still apply to
agile teams, although the software engineering community
is still identifying what those laws actually are. The following issues appear to apply to a software development
project regardless of the paradigm being followed:
1.

2.

3.

4.

We cannot go it alone. Our stakeholders—including
end users, operations staff, infrastructure architects,
business leaders, and more—need to be actively
involved with a software development project.
Agilists are very clear about this importance of this
issue but in practice often discover that senior management does not provide adequate support for the
concept, thereby putting the project at risk.
People and organization are critical. Since the
1970s we have had a myriad of technologies, tools,
and strategies paraded before us promising to solve
our problems yet they have had negligible impact on
our productivity.[11] The primary determinant of success on software development project has always
been, and very likely will always be, people and the
way that they work together.[12]
The project must seem feasible. In order to gain
project funding someone is going to ask the team
fundamental questions such as how much is it likely
to cost, what are you going to produce, how long is it
likely to take, do you have a strategy to build it, will
you be able to keep it going once it is in production,
and what is the expected ROI? The implication is that
you will need to do at least some “up-front” work
before construction of the system can commence.
Project time lines are linear. At best, iterative processes such as Scrum,[13] Unified Process,[14] and
Extreme Programming[15] are serial in the large and
iterative in the small.[16] What I mean by serial in the
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5.

6.
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large is that projects have distinct “seasons” in their
life cycle—at the beginning of the project basic
initiation activities such as initial modeling and
obtaining resources must occur, throughout the middle of the project construction activities occur, and at
the end of the project deployment activities occur.
What I mean by iterative in the small is that each day
team members may iterate back and forth between
several related activities.
Development is only a part of the overall picture.
Not only do we develop systems, we must also operate and support them once in production. Long before
the project starts someone must have envisioned the
need for the project, explored the idea to some extent,
and garnered support for the project. The point is that
development is only one small part of the overall
system life cycle.
Systems must fit into a larger environment. Most
organizations have several development projects
underway, have many systems in production, and
must manage accordingly. Disciplined development
teams understand that their work must fit into their
organization’s overall IT environment, conforming
to their enterprise architecture vision, take advantage
of reuse opportunities, conform to governance protocols, and so on.[17]

AGILE SOFTWARE PROCESSES
To understand agile software development it is critical to
understand agile software processes and practices. First,
agile software processes. A software process, often referred
to as a software method, is a collection of activities or
practices, potentially bound together by a life cycle, which
results in the creation of, or evolution of existing, software.
Not all agile processes address the full delivery life cycle
from end to end, or if they do cover the full life cycle they
may not encompass all of the activities required to deliver a

system. These “partial” processes are often designed specifically to be combined with other partial processes to form a
more robust strategy (more on this later).
“Full” agile processes include, but are not limited to the
following:










Dynamic System Development Method (DSDM).
DSDM is an agile delivery process originally based
on Rapid Application Development (RAD), which
is often used to develop user interface-intensive
application.[18]
Eclipse Way. The Eclipse Way is an agile delivery
process for distributed development teams. Eclipse Way
is practices-based and has a life cycle with a 1 year release
cycle that has explicit start-up, construction, and release
(end-game) phases.[19]
Harmony/ESW. Harmony is a model-based systems
engineering (MBSE) process built on the Unified
Modeling Language (UML) and the Systems
Modeling Language (SysML). Harmony addresses
both systems engineering and software development,
integrating the two together.[20]
Outside-In Development (OID). OID is a software
delivery process that is based on the philosophy that
to create successful software you must have a clear
understanding of the goals and motivations of your
stakeholders, the ultimate goal being to produce highly
consumable systems that meet/exceed the needs of
your stakeholders.[21]
Unified Process (UP). There are several common flavors of the UP, including Rational Unified Process
(RUP),[14] Agile Unified Process (AUP),[22] and
OpenUP.[23] The AUP life cycle is depicted in Fig. 1,
showing explicit phases for starting the project, proving the architecture, building the system, and releasing
the system into production.

“Partial” agile processes include, but are not limited to the
following:

Fig. 1 AUP life cycle.
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Agile Data. AD is a collection of practices, such as
database refactoring and database testing, for database
development on an agile project.[24]
Agile Modeling (AM). AM is a collection of practices,
such as architecture envisioning and prioritized requirements, for light-weight modeling and documentation
on an agile project.[25] The Agile Model-Driven Development (AMDD) life cycle for projects, there is also
one for enterprise-level modeling,[17] is shown in Fig. 2.
Crystal Clear. Crystal Clear is a highly optimized way
to use a small (typically 2–8 people), colocated team,
prioritizing for safety in delivering a satisfactory outcome, efficiency in development, and habitability of
the working conventions.[26]
Extreme Programming (XP). XP is a disciplined
collection of practices and a life cycle for software
construction. Fig. 3 depicts the practices of XP, which
are organized into three categories—entire team,
development team, and developer.[27]
Feature-Driven Development (FDD). FDD is a modeldriven, short-iteration agile software delivery process that
has explicit initiation and construction phases.[28]
Scrum. Scrum, the life cycle for which is shown
in Fig. 3, focuses on stakeholder-facing activities around
project leadership and requirements management.
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It is interesting to observe the differences between the
four life cycles. The AUP life cycle of Fig. 1 is represented
as a set of disciplines, such as modeling, implementation,
and testing spread out over a series of phases but the details
of the supporting practices, activities, and work products
are not explicitly depicted. The AMDD life cycle of Fig. 2
is shown as several practices, such as initial requirements
envisioning and iteration modeling, which are organized
into iterations. Phases are implied—Iteration 0 maps to the
AUP’s Inception phase and Iterations 1 through N to the
AUP’s Elaboration and Construction phases—and artifacts are not shown. XP is depicted as a collection of
practices in Fig. 3, focused on construction-oriented activities but missing any discernible activities around project
initiation or releasing the system into production. In this
case, neither phases nor artifacts are shown. The Scrum
life cycle of Fig. 4 depicts high-level activities that process
project artifacts such as the prioritized requirements stack
(the product backlog) into the creation of working software. The way that the Scrum life cycle is depicted is the
closest to a standard process diagram, showing major
activities/processes and the flow of artifacts between
them, although it is still very different than the standard
process diagrams that traditional IT professionals are
accustomed to.

Fig. 2 The Agile Model-Driven
Development project life cycle.
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The practices of Extreme Programming.

Fig. 4 Scrum construction life cycle.
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The point is that although agile processes are depicted in
different ways, often in “non-standard” ways and inconsistent ways, they can and should be combined and tailored
to meet the unique situation that a project team finds itself
in. The styles can be applied between life cycles. For
example, Wells[29] shows the XP life cycle in a similar
style to Fig. 4, which I extended in Agile Modeling[25] to
include the phases described by Kent Beck in Extreme
Programming Explained.[15] At http://www.agilemodeling.
com, I depict AMDD as a collection of practices using a
practices map similar to that of Fig. 3. So, do not let the various
depiction strategies distract you from the strategies captured
by the processes.

AGILE TEAM ORGANIZATION
Agile teams are often organized in a different manner than
traditional teams. First, agile teams typically adopt XP’s
whole team practice (more on this later) and strive to have
sufficient skills within the team itself to get the job done.
The implication is that the development team has the
requisite testing skills, database skills, user interface skills,
and so on and does not rely on external experts or teams of
experts for these sorts of things. Second, agile teams are
formed of generalizing specialists,[10] sometimes called
craftspeople, who work closely with one another instead
of passing artifacts back and forth between smaller groups
of specialists. A generalizing specialist is someone who has
one or more technical specialties (e.g., Java programming,
project management, database administration) so that they
can contribute something of direct value to the team, has at
least a general knowledge of software development and the
business domain in which they work, and most importantly
actively seeks to gain new skills in both their existing
specialties as well as in other areas, including both technical and domain areas. Obviously, novice IT professionals,
and traditional IT professionals who are often specialized
in just one area, will need to work toward this goal.
Generalizing specialists are the sweet spot between the
two extremes of specialists, people who know a lot about
a narrow domain, and generalists who know a little about a
wide range of topics.
There are several roles, which have different names
depending on the methodology being followed, common
to agile teams. Roles are not positions; any given person
takes on one or more roles and can switch roles over time,
and any given role may have zero or more people in it at
any given point in a project. The common agile roles are
the following:


Team coach. This role, called “Scrum Master” in
Scrum or team lead in other methods, is responsible
for facilitating the team, obtaining resources for it, and
protecting it from problems. This role encompasses the
soft skills of project management but not the technical
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ones such as planning and scheduling, activities that are
better left to the team as a whole (more on this later).
Developers. This role, sometimes referred to as programmer, is responsible for the creation and delivery of
a system. This includes modeling, programming, testing, and release activities, to name a few.
Stakeholders. A stakeholder is anyone who is a direct
user, indirect user, manager of users, senior manager,
operations staff member, or the “gold owner” who
funds the project, support (help desk) staff member,
auditors, your program/portfolio manager, developers
working on other systems that integrate or interact with
the one under development, or maintenance professionals potentially affected by the development and/
or deployment of a software project.
Product owner. The product owner, called on-site
customer in XP and active stakeholder in AM, is the
one person responsible on a team (or subteam for large
projects) who is responsible for the prioritized work
item list (called a product backlog in Scrum), for making decisions in a timely manner, and for providing
information in a timely manner.

At scale we start to see other roles become apparent. Once a
team grows to 15 or more people it is common to organize it
into a team of teams, as we see in Fig. 5, and introduce new
roles. Agile project teams of 200 or more have reported
success,[1] and at the time of this writing IBM currently has
agile programs of over 500 people working on very complex
systems. On large agile teams you need to coordinate project
management activities (at scale the technical aspects of
project management require more than just selforganization), technical/architectural issues, and requirements/product ownership issues (there will be requirements
dependencies between subteams and you need to minimize
overlapping work between subteams). Furthermore, you
often require a “supporting cast” of specialists to assist the
generalizing specialists on the subteams. The additional roles
on agile teams at scale include the following:




Architecture owner. This person is responsible for
facilitating architectural decisions on a subteam and is
part of the architecture owner team that is responsible
for overall architectural direction of the project. The
architecture owner leads their subteam through initial
architecture envisioning for their subsystems and will
be involved with the initial architecture envisioning
for the system as a whole (as part of the architecture
owner team). Architecture owners are different than
traditional architects in that they are not solely responsible for setting the architectural direction but instead
facilitate its creation and evolution.
Technical experts. At scale the need for technical
experts in areas such as system integration, database
development, user interface development, security,
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Fig. 5 Organizing a large agile team.





and so on become critical because the problems
being addressed at scale are often more complex.
Fig. 5 shows the expert roles of Agile database administrator (DBA) and user experience (UE) experts as
examples. Sometimes technical experts will be brought
in as needed for specific tasks although some experts—
particularly Agile DBAs, UE experts, and technical writers—will be required throughout most of the project.
Domain experts. It is unrealistic for a single product
owner to represent the entire range of stakeholders in
detail. Product owners will need to bring domain
experts into the team for short periods of time to
focus on specific details with the team.
Independent testers. A common practice on agile
teams at scale is to have a separate, independent testing
team working in parallel that addresses more complex
forms of testing such as investigative testing, system
integration testing, security testing, and usability testing. Agile “whole teams” may not have the skills,
mindset, or resources to adequately address these
advanced testing issues.[30]



Integrators. The subteams are typically responsible
for one or more subsystems, and the larger the overall
team generally the larger and more complicated the
system being built. In these situations the overall
team may require one or more people in the role of
integrator who are responsible for building the entire
system from its various subsystems. These people often
work closely with the independent test team, if there
is one, who will want to perform system integration
testing regularly throughout the project.

AGILE PRACTICES
Software processes often garner a lot of the fervor within
the agile community, but in the end the heart of agile
software development is in its practices. This section summarizes common agile practices and assigns them into
categories. There are several critical observations to be
made first:

1.

2.
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3.

4.

Some practices fall into two or more categories, for
example, Common Development Guidelines is arguably both a development and a quality practice, but
are only listed once.
The goal of this categorization is simply to provide
organization to this section and is not meant to be a
rigorous taxonomy.
This list is not meant to be complete—there are
hundreds of practices not just the dozens that I present here—although it is meant to be representative
of the wealth of material out there.
It is unlikely that you will adopt all of these practices,
and if you will then you certainly will not adopt all of
them right away. Instead, a project team should adopt
the right practices for the situation at hand.
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Team Practices
Team practices focus on the way that the team organizes
itself, how team members interact with one another, and
how they interact with their project stakeholders. These
practices include the following:










Active stakeholder participation. Stakeholders
should provide information in a timely manner, make
decisions in a timely manner, and be as actively
involved in the development process through the use
of inclusive tools and techniques.
Collective ownership. Collective ownership means
that everyone on the team is allowed to change any
part of the team’s artifacts, including but not limited to
source code, tests, documents, models, and plans.
Daily stand-up meeting. The team meets once a day for
a short period of time, ideally less than 15 minutes, to
share status and identify any issues blocking them from
successfully achieving their goals. Members on Scrum
teams are asked to answer three questions: What did you
do yesterday? What do you think you will do today?
What is blocking you? Unfortunately, this approach
does not scale very well past 10 team members, so larger
teams will just focus on discussing what is blocking them
and not on the status information suggested by Scrum.
Non-solo development. With non-solo development
approaches, such as XP’s pair programming or AM’s
model with others, two or more people work together
on a single activity. This increases the quality, builds
team cohesion, enables skill sharing (particularly when
the pairs change often), and reduces the need for
documentation.
Project rhythms. Activities on an agile project team
are often organized into “rhythms” of different
lengths—daily, iteration, and release. The daily rhythm
encompasses the activities performed each day, the
iteration rhythm encompasses the organizational activities for an iteration, and the release rhythm

encompasses the organizational activities for a single
release of a system.
Retrospective. A process improvement session where
four questions are typically addressed: What is working well? What did we learn? What should we do
differently next time? What still puzzles us? It is common practice for agile teams to hold a short retrospective, typically no more than an hour, at the end of each
iteration to help identify potential process improvements to adopt in future iterations.
Self-organization. The team members are responsible
for planning, estimating, and organizing their own
work. The people best suited to do technical management tasks such as this are the people who do the actual
work, not professional managers.
Whole team. Include everyone on the team with
the skills and perspectives required for the team to
succeed. Everyone on an agile team contributes in any
way that they can (hence the importance of becoming
generalizing specialists).

Project Management/Leadership Practices
Project management/leadership practices focus on how the
team organizes and manages its work. These practices
include the following:








Iteration demo. At the end of the iteration, demo the
working system, as it currently works to date, to show
explicit progress to key stakeholders.
Iteration planning. During iteration planning the team
identifies an iteration’s worth of work, based on their
velocity, from the top of the prioritized work item list.
Team members break down the work into tasks and
estimate their cost at a finer level of detail than in
release planning.
Prioritized work item list. Agile teams implement
requirements in priority order, as defined by their
stakeholders, so as to provide the greatest ROI possible. Not only must development teams implement
functional requirements, they must also address
defects, review the work of other teams, take training,
and so on. At scale, the practice of a prioritized
product backlog of functional requirements is
replaced by a prioritized stack of work items. This is
applicable for large teams, distributed teams, or teams
working on complex systems. Work item lists are
called a Product Backlog in Scrum.
Release planning. The creation and maintenance of a
high-level plan by the team and their product owner
that reflects the desired scope, team resources, and
goals. The release plan will reflect dependencies on
other teams, major milestones, and target release window(s). The release plan will be updated regularly
throughout the project as the team learns.
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Risk-/value-driven life cycle. An extension to the
value-driven life cycle approach where major risks
are taken into account in the prioritization process so
that those risks, both business and technical, may be
retired earlier in the life cycle.
Small releases. In each iteration, the team produces
potentially shippable, running software that is tested
and that delivers business value. The “release” may not
necessarily be delivered into production but instead
may only be deployed into a demo or preproduction
testing environment.
Value-driven life cycle. The product owner prioritizes
requirements and the team works on them in priority
order, producing potentially shippable software every
iteration, which provides measurable business values
to stakeholders.
Velocity. The amount of work, typically measured in
points, that a team can accomplish in an iteration. At
the beginning of a project the velocity is a guess, but
throughout the project the velocity is the amount of
points fully delivered at the previous iteration.





Architecture and Design Practices
Architecture and design practices focus on the technical
vision and strategy for the system under development. Agile
architecture and design practices include the following:


Requirements and Analysis Practices
Requirements and analysis practices focus on how to work
with stakeholders effectively so as to understand their
intent. This is so important to agile teams that they will
often do so on a daily basis. Agile requirements and analysis practices include the following:










Customer testing. Requirements are validated through
detailed customer tests, sometimes called customer
acceptance tests or story tests, which are run regressively as part of continuous integration (a development
practice).
Inclusive models. To make it easier for project stakeholders to be actively involved with the project team
you want to use the simplest, most inclusive modeling
tools possible with them. This is typically paper and
whiteboards, although very sophisticated stakeholders
may be able to work with software-based modeling
tools. By keeping it simple you encourage active stakeholder participation and thus increase the chances of
effective collaboration.
Iteration modeling. At the beginning of each iteration
you will do a bit of modeling as part of your iteration
planning activities.
Model a bit ahead. Sometimes requirements that are
nearing the top of your prioritized work item list are
fairly complex, motivating you to invest some effort to
explore them before they are popped off the top of the
work item stack so as to reduce overall risk.
Model storming. Throughout an iteration you will
model storm on a just-in-time (JIT) basis for a few

minutes to explore the details behind a requirement or
to think through a design issue.
Requirements envisioning. At the beginning of an
agile project you need to do sufficient high-level
requirements modeling to understand the scope and
identify the initial stack of requirements. This is important on all projects, but particularly critical at scale for
large teams or geographically distributed teams.
User interface prototyping. The user interface is
the system to most end users, so to explore requirements
you will often find the need to create user interface
sketches or even functioning software that overviews
what the user interface (or a portion thereof) looks like.












Architectural skeleton. Build a working, end-to-end
skeleton or structure for the system early in the project
to prove that the architecture works.
Architectural spike. When you run into a technical
issue, the solution for which is currently unknown on
the team, write just enough code to explore that issue
and thereby gain the knowledge required to proceed
safely (or to abandon that aspect of your technical vision).
Architecture envisioning. At the beginning of an agile
project you will need to perform sufficient high-level
architectural modeling, often in the form of sketches, to
explore potential technical solutions. This is important
for all agile teams but particularly so at scale for large
teams or geographically distributed teams.
Developer testing. The design is captured and validated
through developer tests, sometimes referred to as unit
tests, although this is a misnomer as many developer
tests go beyond the traditional meaning of the term “unit
test.” These tests are run regressively as part of continuous integration (a development practice).
Metaphor. The system metaphor is a simple evocative
description of how the system works.
Multiple views. Consider multiple views—process,
deployment, data, security, user interface, and so
on—when creating the technical vision for the system.
Simple design. Start with a simple technical design,
and then strive to always keep it as simple as possible.

Development Practices
Development practices focus on construction activities,
particularly programming-oriented ones. Agile development practices include the following:
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Common development guidelines. Having a common, usable set of development standards that are
easy to understand and to comply to can greatly
improve the quality of the systems that you develop.
These guidelines may include, but not be limited to,
programming guidelines, modeling style guidelines,
and data-naming conventions.
Continuous deployment. If the team is globally distributed, or if you are doing independent parallel testing (a testing practice), you often need to automatically
deploy portions of your work into different development or testing environments based on certain events
(such as successful integration).
Continuous integration. At least once every few
hours, preferably more often, you should build your
system and run your regression tests.
Developer sandboxes. Developers need their own
working environments, called sandboxes, where they
can modify the portion of the system that they are
building and get it working before they integrate their
work with that of their teammates.
Test-driven development. Write a single test, either at
the requirements or design level, and then just enough
code to fulfill that test. TDD is a JIT approach to
detailed specification and a confirmatory approach to
testing.
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Testing and Quality Practices
Testing and quality practices focus on validation of the
artifacts being produced. Agile testing and quality practices include the follwing:






Defects are requirements. Defects found externally to
the team, typically as the result of independent parallel
testing, end-of-life cycle testing, or from users of the
system in production, should be treated like a type of
requirement—estimate it, prioritize it, and put it on the
work item list.
End-of-life cycle testing. An important part of the
release effort for many agile teams is end-of-life
cycle testing where an independent test team validates
that the system is ready to go into production. If the
independent parallel testing practice has been adopted,
then end-of-life cycle testing can be very short as the
issues have already been substantially covered.
Independent parallel testing. The whole team
approach to development where agile teams test to the
best of the ability is a great start, but defects surrounding
non-functional requirements such as security, usability,
and performance have a tendency to be missed via this
approach. Furthermore, many development teams may
not have the resources required to perform effective
system integration testing, resources, which from an

economic point of view must be shared across multiple
teams. The implication is that you will find that you need
an independent test team working in parallel to the
development team(s), which addresses these sorts of
issues. This is particularly important for large or distributed teams, or teams building complex software.
Milestone reviews. The Dr. Dobb’s Journal’s 2008
project success survey[2] found that agile teams have
a 70% success rate. Because this rate is not 100% it
behooves agile teams to review progress to date at key
milestone points, perhaps at the end of major project
phases or at critical financial investment points (such as
spending X% of the budget). Milestone reviews should
consider whether the project is still viable; although the
team may be producing potentially shippable software
at each iteration, the business environment may have
changed and negated the potential business value of the
system.
Refactoring. A refactoring is a simple change to your
code that improves the quality of the design without
changing the semantics. This practice benefits when
teams also follow the continuous integration and TDD
practices.
Static code analysis. Static code analysis tools check
for defects in the code, often looking for types of
problems such as security defects that are commonly
introduced by developers, or code style issues. Static
code analysis enhances project visibility by quickly
providing an assessment of the quality of your code.
This is particularly important for large teams where
significant amounts of code is written, geographically
distributed teams where code is potentially written in
isolation, organizationally distributed teams where
code is written by people working for other organizations, and any organizations where IT governance is an
important issue. Static code analysis can be included as
part of your continuous integration efforts.

Documentation Practices
Documentation practices focus on creation, maintenance,
and delivery of documentation. Agile documentation practices include the following:




Document late. Write documentation as late as possible, avoiding speculative ideas that are likely to change
in favor of stable information. However, this does not
mean that all documentation should be left toward the
end. You might still want to take notes throughout
construction so that you do not lose critical information. By waiting to document information once it
has stabilized you reduce both the cost and the risk
associated with documentation.
Documents are requirements. Agile teams treat documentation like any other requirement: it should be
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estimated, prioritized, and put on your work item list
along with all other work items that you must address.
Executable specifications. Specify requirements in
the form of executable “customer tests,” and your
design as executable developer tests, instead of nonexecutable “static” documentation. When you take a TDD
approach, you effectively write detailed executable
specifications on a JIT basis.
Single source information. Strive to capture information in one place and one place only, ideally in the most
effective place (which in the case of software is often
the code). The idea is to record technical information
only once and then generate various documentation
views as needed from that information.
Wall of wonder. Display critical project artifacts,
including project schedules, burn down charts, and
important diagrams (both business oriented and technically oriented) in a public manner. For a small, colocated team, this implies building your “wall of wonder”
from whiteboards and something to stick paper to, such
as corkboards. For large or distributed teams you will
need an electronic wall of wonder, such as an internal
web site.[31]

Scaling Practices
Scaling practices focus on how to apply agile strategies on
large teams, on distributed teams, and so on (scaling complexity factors are described below). Many of the agile
practices mentioned previously can be modified to work
at scale, and many, particularly the modeling practices, are
arguably scaling practices in their own right. Agile scaling
practices include the following:




Data Practices
Data practices focus on how to address data issues, particularly database development, on agile projects. The primary challenge is how to evolve the database schema in
sync with the rest of the overall solution in an efficient
manner. The modeling practices mentioned early equally
apply to data modeling. AD practices include the
following:






Database refactoring. A database refactoring is a
small change to your database schema, which improves
its design without changing its semantics (e.g., you do
not add anything nor do you break anything). The
process of database refactoring is the evolutionary
improvement of your database schema so as to improve
your ability to support the new needs of your
customers.
Database regression testing. You should ensure that
your database schema actually meets the requirements
for it, and the best way to do that is via testing the
functionality implemented within the database as triggers and stored procedures as well as testing to ensure
data quality.
Lean data governance. The goal of data governance is
to ensure the quality, availability, integrity, security,
and usability within an organization. The goal of lean
data governance is to enable development teams to do
these things effectively within your overall IT ecology.





Agile enterprise architecture. An effective enterprise
architecture program can increase developer’s productivity by promoting common technology platforms and
greater levels of reuse. For enterprise architects to
support agile teams, they must work in a collaborative,
light-weight, and evolutionary manner consistent with
agile approaches.
Align team structure with the architecture. Most of
the communication that occurs on development projects
occurs between the people building subsystems/subcomponents. The implication is that for large or geographically distributed teams you should organize yourself
around the architecture, with each subteam located as
close together as possible, so as to minimize the required
coordination between teams and thereby minimize overall communication risk on your project. This practice is
sometimes referred to as “Conway’s Law” after Melvin
Conway, who first coined it in the late 1960s.
Lean development governance. The focus of lean
development governance is on motivating and enabling
the right behaviors among IT professionals, as opposed
to traditional approaches that take “command and control” approaches.[6]
Portfolio rhythms. This practice extends the concept of
project rhythms to the enterprise level, introducing the
concept of a program/package rhythm and a release
window rhythm. A program/package rhythm encompasses the release cycle of a collection of systems; for
example, Microsoft Office is comprised of several applications such as Word and Excel, where each application
project rhythm must reflect the overall package rhythm.
A release window rhythm captures the available time
slots that project teams are allowed to release software
into production, perhaps every third Saturday from 2
A.M. to 6 A.M. It also reflects release blackout dates
when you are not allowed to release software into production due to the overall business cycle (e.g., retail
organizations in Western nations typically have release
blackouts from the middle of November to early January
due to the holiday shopping season).

Mapping Practices to Processes
Table 1 maps each of the agile practices described earlier to
several of the agile processes described above. An X is
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One interesting observation is that the Agile Manifesto was
written by a group of people made up predominantly of
consultants and developers (and some were both). Although
the manifesto reflects their real-world, practical experiences it
also reflects their biases. The implication is that the manifesto, while providing an excellent philosophical foundation
for agile software development, may not cover the entire
gambit required for an agile approach to IT in general.
Evidence of this is revealed by the release of the Manifesto
for Software Craftsmanship[32] in early 2009, an extension to
the Agile Manifesto. This is not to say that this manifesto is
sufficient, but it does indicate that some people believe that
we require something more than just the ideas captured by the
Agile Manifesto and its underlying principles.
Another interesting observation is that there is a range
of agile processes, described earlier, some of which more

Table 1 Mapping agile practices to several agile processes.
Practice

Scrum

XP

OpenUP

DSDM

AM

AD

Active stakeholder
participation

Product
owner

On-site customer

X

X

X

X

Agile enterprise
architecture

X

Align team structure with
the architecture

X

Architectural skeleton

X

X

Architectural spike

X

X

Architecture envisioning

X

Collective ownership

X

X

Common development
guidelines

Coding standards

X

Continuous deployment

Prove it with
code
X
X

X

X

X

X

Apply modeling
standards

X

Executable
specifications

Database
regression
testing

X

Continuous integration

X

X

Customer testing

X

X

Daily stand-up meeting

X

Scrum
meeting

X

X

Database refactoring

X

Database regression
testing

X

Defects are requirements

X

Developer sandboxes

X

X

Developer testing

X

X

Document late

X

X

X
X
X

Executable
specifications

Database
regression
testing

X
(Continued)
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indicated whenever the process includes the practice (or at
least something similar) or indicates the name of the practice
as it is implemented by the process. Several of the scaling
practices are not implemented by any of the processes listed
in the table, but instead implemented by other processes such
as Eclipse Way or Enterprise Unified Process (EUP).[17]
It is interesting to note from Table 1 that there is an
overlap of practices, often because the processes borrowed
ideas from each other and because they are based on actual
experiences from the “development trenches.” For example,
the practices product owner (Scrum), on-site customer (XP),
and active stakeholder participation (AM) are all variations
on the idea that you need to work closely with stakeholders
or their representatives. These practices are often used to
piece together a (mostly) complete agile software development process, an exercise that can prove difficult, errorprone, and sometimes expensive for organizations that do
not have a lot of agile experience (more on this next).

42

Agile Software Development

Table 1 Mapping agile practices to several agile processes. (Continued)
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Practice

Scrum

Documents are
requirements

XP

OpenUP

X

X

End-of-life cycle testing

X

DSDM

X

Customer testing,
developer testing

X

Inclusive models

X

X

X

X

X

X

X

Iteration demo

Sprint
demo

X

X

Iteration modeling
Iteration planning

AD

X

Executable specifications

Independent parallel
testing

AM

X

X
Sprint
planning

Planning game

2-level planning

X

Lean data governance

X

Lean development
governance
Metaphor

X

Milestone reviews

X

Model a bit ahead
Model storming
Multiple views

X

Non-solo development

Pair programming

X

X
X

X

X

X

X

X

X

Model with
others

Model with
others

Portfolio rhythms
Prioritized work item list

Product
backlog

X

X

X

X

Project rhythms

X

X

X

X

X

X

X

Refactoring
Release planning

X

Planning game

Requirements envisioning
Retrospective

X

Risk-/value-driven life
cycle
Self-organization

X

2-level planning

X

Use-CaseDriven Modeling

X

X

X

X

X

X

X

X

X
X

X

X

Single source information

X

X

X

X

X

X

X

X

X

Simple design
Small releases

Database
refactoring

Static code analysis

X

X

X
X

X

Test-driven development

User interface prototyping

X

X
X

Value-driven life cycle

X

X

X

Velocity

X

X

X

Wall of wonder

X

X

X

X

Whole team

X

X

X

X

X

Database
regression
testing

X

X
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or less describe how to develop software from beginning
to end and others that take on just a portion of the overall
system delivery life cycle. Although it is good to have a
range of agile processes to choose from, it can be difficult
for organizations new to agile to choose between them, or
to combine them effectively (or even to recognize that
they need to combine them). This challenge is exacerbated by the plethora of agile practices being touted by
various practitioners. As a result many organizations find
the agile message confusing, in part because of the multitude of voices within the agile community but more so
because the agile rhetoric often seems to ignore or gloss
over many important issues that organizations face on a
daily basis. Some sort of guiding framework is clearly
needed.
The Agile Scaling Model (ASM)[33] is a contextual
framework for effective adoption and tailoring of agile
practices to meet the unique challenges faced by a system
delivery team of any size. The ASM distinguishes between
three scaling categories: core agile development, disciplined agile delivery, and agility at scale. My experience
is that disciplined agile delivery as the minimum that your
organization should consider if it wants to succeed with
agile techniques—whether you are on a mainframe team
writing COBOL code for a bank, software running on
millions of mobile phones, or e-commerce code running
on the web, your team should still follow a full delivery life
cycle in a disciplined manner. You may not be there yet,
but still in the learning stages. But our experience is that
you will quickly discover how one or more of the scaling
factors is applicable, and as a result need to change the way
you work.
The ASM distinguishes between three scaling
categories:
1.

2.

Core agile development. Core agile methods, such
as Scrum and Agile Modeling, are self-governing,
have a value-driven system development life cycle
(SDLC), and address a portion of the development
life cycle. These methods, and their practices, such as
daily stand-up meetings and requirements envisioning, are optimized for small, colocated teams developing fairly straightforward systems.
Disciplined agile delivery. Disciplined agile delivery processes, which include DSDM and OpenUP, go
further by covering the full software development life
cycle from project inception to transitioning the system into your production environment (or into the
marketplace as the case may be). Disciplined agile
delivery processes are self-organizing within an
appropriate governance framework and take both
risk- and value-driven approach to the life cycle.
Like the core agile development category, this category is also focused on small, colocated teams delivering fairly straightforward systems. To address the
full delivery life cycle you need to combine practices
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3.

from several core methods, or adopt a method that
has already done so.
Agility at scale. This category focuses on disciplined
agile delivery where one or more scaling factors are
applicable. The eight scaling factors are team size,
geographical distribution, regulatory compliance,
organizational complexity, technical complexity,
organizational distribution, domain complexity, and
enterprise discipline. All of these scaling factors are
ranges, and not all of them will likely be applicable to
any given project, so you need to be flexible when
scaling agile approaches to meet the needs of your
unique situation. To address these scaling factors you
will need to tailor your disciplined agile delivery
practices and in some situations adopt a handful of
new practices to address the additional risks that you
face at scale.

Let us explore the differences between the ASM categories.
To understand the main differences between core agile
development and disciplined agile delivery, compare the
full delivery life cycle of Fig. 6[34] with the Scrum construction life cycle of Fig. 4. The normalization of the terminology aside, there are several significant differences:
1.

2.

3.

4.

5.

Explicit project inception. At the beginning of a
project—called the Inception phase, Sprint 0 or
Iteration 0—you need to do some initial modeling,
start putting together your team, and gain initial project funding. These are important activities that
should be explicitly included in the life cycle.
Independent parallel testing. Agile developers will
do a significant amount of testing—either developer
regression testing or better yet TDD—as part of their
daily jobs. This is a great start, but to ensure that
defects do not fall through the cracks disciplined
agile teams will often adopt the practice of parallel
independent testing.
Prioritized work items. Not only do agile delivery
teams implement functional requirements, they must
also fix defects (found through independent testing or
by users of existing versions in production), provide
feedback on work from other teams, go on training
courses, and so on. All of these activities need to be
scheduled for, not just functional requirements.
Having a single work item stack, instead of several
stacks, proves easier to manage in practice for most
agile teams.
Explicit transition/release phase. Releasing software
into production can be very complex and risky in
practice and your software process needs to reflect this.
Explicit production phase. Disciplined agile developers recognize that their systems will be operated
and supported in production, and that the people
doing this work are important stakeholders, and
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Fig. 6 Agile system development life cycle.

therefore it is critical that your development process
explicitly calls this out. Unfortunately at the time of
this writing many disciplined agile delivery processes do not include an explicit production phase
although will often include operations and support
staff as explicit stakeholders. It is a start.

The goal of the ASM’s agility at scale category is to
make it explicit that the small, colocated team advice of
many of the mainstream agile methods falls apart when one
or more scaling factors comes into play. These scaling
factors, summarized in Table 2, introduce complexities
that must be overcome by more sophisticated practices,

Table 2 Potential process scaling factors.
Scaling factor

Issues

Team size

Core agile processes work very well for smaller teams of 10–15 people, but what if the team is much larger? What
if it is 50 people? One hundred people? One thousand people? Paper-based, face-to-face strategies start to fall
apart as the team size grows.

Geographical
distribution

What happens when the team is distributed, perhaps on floors within the same building, different locations within
the same city, or even in different countries? Suddenly, effective collaboration becomes more challenging and
disconnects are more likely to occur.

Compliance
requirement

What if regulatory issues—such as Sarbanes Oxley, ISO 9000, or FDA CFR 21—are applicable? These issues
bring requirements of their own that may be imposed from outside your organization in addition to the customerdriven product requirements.

Domain complexity

Some project teams find themselves in situations where the problem domain is complex. Complexities arise as
the result of several factors: the nature of the problem, monitoring a biochemical process or managing air traffic
control is significantly more complex than developing an informational web site; the requirements change
quickly, such as with financial derivatives trading or electronic security assurance; or perhaps the delivery team
does not currently have an adequate background in the domain.

Organization
distribution

Sometimes a project team includes members from different divisions, different partner companies, or from
external services firms. This lack of organizational cohesion can greatly increase the risk to your project.

Technical complexity

There are several sources of technical complexity: existing legacy systems and legacy data sources that are less
than perfect; your system involves several technological platforms or several disparate technologies; your system
has dependencies on other existing systems or worse yet on systems that are being built in parallel to your own;
you are doing a systems engineering project with both hardware and software development.

Organizational
complexity

There are several sources of organizational complexity: your existing organization structure, culture, and
business processes may reflect waterfall/serial values; your organization struggles to embrace change; your
organization has a very rigid leadership style; different subgroups within your organization have different visions
for how they should work.

Enterprise discipline

Most organizations want to leverage common infrastructure platforms to lower cost, reduce time to market, and
to improve consistency. To accomplish this they need effective enterprise architecture, enterprise business
modeling, strategic reuse, and portfolio management disciplines. These disciplines must work in concert with,
and better yet enhance, your disciplined agile delivery processes.
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or at least more sophisticated versions of practices, and
tooling than is often described in core agile development or
disciplined agile delivery processes. For example, the
Scrum approach of a daily stand-up meeting where everyone answers both status-oriented questions as well as
blocking questions works well for small, colocated teams.
However, this strategy proves insufficient at scale: larger
teams find that they need to focus on only identifying
blocking issues and distributed teams need to start applying
electronic solutions, something as simple as teleconference
calls or a little more complex such as groupware tools, to
run their “daily stand-ups” remotely.
Each factor has a range of complexities, and each team
will have a different combination and therefore will need a
process, team structure, and tooling environment tailored to
meet their unique situation. Core agile development processes work best when basically all factors are at the lefthand side (the low complexity side), although they can potentially be tailored to address greater complexity with strategies
from higher-level processes. Disciplined agile delivery processes typically assume that one or more of the factors
slightly to the right, and scaled agile processes have one or
more factors leaning to the right (the high complexity side).
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11.

SUMMARY
Many organizations have succeeded at applying agile at
scale and you can too. If you keep your wits about you and
stay away from some of the rhetoric of the mainstream
agile community you should be all right. Minimally, you
want a disciplined agile system delivery approach that
addresses the full life cycle, not just parts of it.
Remember that you will often find yourself in a scaling
situation, and that different teams will experience different
scaling factors, and that is all right because it is fairly
straightforward to scale agile strategies with effective practices and tooling. With a realistic approach to process
improvement, and with a bit of help from the outside, you
can increase your ROI, quality, stakeholder satisfaction,
and time to value through agility at scale.
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