
A                  Publication

VOLUME 5 • ISSUE 7 • JULY 2008 • $8.95 • www.stpmag.com

Managing
Builds To 
Spark An 

Agile Future

BEST
PRACTICES:

Dynamic/Static

Code Analysis

BZ 135.qxd  7/16/08  8:56 PM  Page 1



Software Test & Performance JULY 2008

When Agile

Methods 

Are In Play

Continuous

Integration Is

The Key To 

A Successful

Process

BZ 135.qxd  7/16/08  8:56 PM  Page 14



JULY 2008 www.stpmag.com

Il
lu

st
ra

ti
on

 b
y 

To
dd

 H
ar

ri
so

n

development methodologies. From the
Agile Unified Process to Scrum, the ulti-
mate goals are the same: To improve
software quality by improving the meth-
ods used in the creative process. 

The heartbeat of the agile process is
continuous integration. Developers and
testers have come together on this topic
to define a consistent process to regu-
larly check in code, build the binaries
and execute tests. This process is
referred to as continuous build and test. 

Companies have invested time and
money to implement a continuous inte-
gration server process that can execute
a continuous build and test workflow.

These servers are job schedulers that
allow a workflow to be defined so that
each time a developer commits code to
the repository, the build and test
process is initiated. But this type of
workflow technology has created new
challenges, and the build scripts them-
selves have become roadblocks to a

Tracy Ragan is co-founder and chief operat-
ing officer of build-tools maker OpenMake.

By Tracy Ragan

C reating quality software
starts with improving the

process that is used to develop it.
It is this goal that drives agile
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smooth, continuous process that meets
the demands of agile practices. 

Build scripts are problematic in two
ways. First, they’re static. A build script
represents how an application should
be assembled at a certain point in time.
With agile methods, frequent changes
to source code are encouraged. And
while the source code changes fre-
quently, the build scripts often don’t,
resulting in breakage. 

Secondly, agile methods are iterative,
and small changes are encouraged.
These small changes include the
rebuilding and testing of the incre-
ment. Build scripts often don’t support
incremental builds. This means that
each time a continuous build executes,
the entire application is rebuilt, not just
the changes. A full build can take hours,
limiting the number of iterations that
can be performed in a single day.

The main challenge that we face
when embracing agile methods is not
the adoption of new procedures, but
the retrofitting of our existing tools into
the new method, or replacing old tools
with solutions that were designed with
the agile approach in mind. 

Development teams strive to move
toward an agile methodology, but they
struggle to let go of familiar tools that
were designed to support waterfall
development. This is the particular
challenge that developers face when
adopting agile development methods
where manual procedures and redun-
dant tasks must be automated or elimi-
nated. See the “Builds: Waterfall vs.
Agile” sidebar for a comparison of this
process with the waterfall approach. 

Continuous integration servers exe-

cute their processes on a scheduled
time frame, often called a build loop. The
build loop can be configured to run
once per hour, every 10 seconds or as
frequently as source code is changed.
Most agile teams limit the number of
builds performed due to the build’s
inability to execute on an incremental
basis. 

The goal is to execute a build
process that can support frequent inte-
gration of source code changes and
delivery of binaries for testing. Figure 1
illustrates a continuous build loop initi-
ated by a developer checking in code.
This build loop is a typical goal of the
continuous integration build.

The process makes it appear as if the
continuous integration build server
solves the continuous integration build

problem. A developer checks in updat-
ed source code, and the CI build server
executes the build process automatical-
ly. 

Even though implementing this con-
tinuous integration method has provid-
ed some level of automation, the static
build scripts create problems as they
don’t change as frequently as the source
code. These static scripts rely on the
intervention of a build manager to
ensure that they’re executing correctly.
In addition, because the build scripts
can take extremely long to execute—
running sometimes for hours—the
build loop may execute only a few times
per day, preventing the agile process
from reaching its goal of being truly an
iterative process.

The ultimate goal of the continuous
integration build process is to schedule
the build loop so that it recompiles the
application each time a new change is
introduced to the source code reposito-
ry. However, this goal isn’t achievable
because the compile and link scripts
themselves are static and don’t reflect
the changes required by the source
code updates. This means that if
changes to the source code also impact
how the application is assembled, the
build scripts must be manually updated
before the CI build can execute. 

In most cases, the CI build will sim-
ply break, which then alerts the devel-
opment team that updates to the com-
pile and link scripts—often written in
Ant, Maven, Make or MSBuild—are
required before the build loop can com-
plete. Figure 2 shows how the build

CONTINUOUS BUILD

 

CI Process Initiated:
Developer checks in source
code to versioning tool.
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Static build scripts are
called to execute the build.
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executed to deploy objects 
for testing.
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Integration (CI) Build
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FIG. 1: CONTINUOUS BUILD UTOPIA
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CI Process Step 2:
Static build scripts are called to execute 
the build and build breaks. Developer reads 
log from Step 5—learns that the build
script in Step 2 failed. He works to debug
problem—re-executes the build outside of
the CI build loop to make sure the build
script is corrected—replaces broken build
script and starts build loop from Step 2. 
Next source code update could break build
script again.

CI Process Step 3:
Deployment scripts are 
executed to deploy objects 
for testing.

CI Process Step 4:
Test scripts are executed.

FIG. 2: CONTINUOUS INTERRUPTUS
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loop is interrupted when a build breaks.
In this case, when the build fails, the
testing step can’t execute. When this
occurs, the agile process falls back into
a waterfall approach where a “build
manager” is contacted to correct the
Ant, Maven, Make or MSBuild scripts
before the build can be executed. 

It’s not uncommon for source code
changes to have an impact on build
scripts themselves. Changes made by an
individual developer inside their IDE
that will adversely impact the continu-
ous integration compile and link scripts
include:

• Refactoring
• Deleting
• Adding libraries and classes
• Changing compile options
• Updating dependencies
• Using different versions of third-

party libraries
• Adding resource files
Another factor that limits the useful-

ness of the CI build process is the time
it takes for a build to execute. If rebuild-
ing your entire application takes two or
more hours, the frequency of your con-
tinuous integration builds is limited to a
handful a day. The goal is to perform an
incremental build each time incremen-
tal source code changes are introduced.
For a two-hour build, by the time the
build completes, it could be invalid, as
new source code changes have already
been introduced into the application
baseline. In agile development, devel-
opers don’t stop updating code while
the build is running. The process is
intended to be non-stop. 

Implementing Continuous 
Build Scripts 
By now it should seem obvious that the
starting point for creating a build
process for agile is to eliminate static
build scripts. To support agility, build
scripts must automatically adapt to
source code changes. Adaptable build
scripts, which can be called continuous
build scripts, are scripts that execute out-
side the developer’s IDE and are auto-
matically synchronized with the source
code changes occurring inside the devel-
oper’s IDE. 

Continuous build scripts aren’t static
snapshots of the application at a single
point in time, but dynamic snapshots
that change and adapt to the build
automatically each time the build is exe-
cuted. A continuous build script is auto-
matically updated just prior to the con-

tinuous integration build using the IDE
project file as input. The continuous
build scripts support a process that syn-
chronizes the developer’s IDE build
with the continuous integration build
running on the continuous integration
server.

Hard-coded practices
born of the waterfall
approach don’t support
the needs of an agile
process. Instead of writing
an Ant, Nant, MSBuild or
Make script for building
every object, the agile
developer uses template
scripts that don’t refer-
ence hard-coded file
names, directories or
options. 

These items must be
abstracted from the build
scripts themselves using
macros. When changes
impact the build scripts,
they can be automatically
regenerated based on the
continuous build script
templates. In addition,
file names, directories
and options should come
from the IDE project file
so that the changes made
inside the IDE are imme-
diately updated outside the IDE, ensur-
ing that the continuous integration
build is executed against a build script
that is synchronized with the IDE.

To develop a build process that sup-
ports the synchronization of your con-
tinuous build with the source code
updates made by the developers, you’ll
need to generate your build scripts just
prior to build execution. This is possi-
ble for most development tools and
IDEs by calling the IDE’s APIs that per-
form the same function when the IDE
itself is running in full mode. This is
called running the IDE in headless mode. 

Using Java and Eclipse as an exam-
ple, you can generate your Ant
build.xml file based on information
coming from the Eclipse workspace.
You can use the Eclipse Plug-in
Development Environment (PDE) to
generate your Ant Scripts. The Eclipse
PDE allows you to run Eclipse in head-
less mode, giving you access to the
Eclipse Ant build.xml generation fea-
tures. By doing this, you’re repeating
the build steps that were performed by
the developer when making their

changes inside the Eclipse IDE. The dif-
ference is that it’s happening outside
the IDE and during the continuous
build.

Challenges with this method involve
the use of dependencies. When devel-
oping this process, keep in mind the

need to track dependen-
cies that exist outside the
Eclipse Workspace. You
also need to track and
manage the version num-
bers of jar files you’re
building and the jars your
application depends
upon.

One method of resolv-
ing the dependency and
version numbering chal-
lenge is to create a contin-
uous integration workflow
that first validates version
numbers; then executes
the specific Ant builds in
the correct order. The
order of execution and
version numbers must still
be managed manually,
but the scripts themselves
become more adaptable
to support the continuous
build process. 

For example, if one of
your developers per-

formed a refactoring inside the IDE,
your build would then be able to quick-
ly regenerate the build scripts just prior
to the build execution without requir-
ing someone to manually hard-code the
refactoring updates in the build scripts.
For more information on how to imple-
ment templated build scripts for Eclipse
development, go to http://help.eclipse
.org/help33/index.jsp and view the
Generating Ant Scripts from the Scripts
section found in the Task section of the
Plug-in Development Environment
Guide. This will explain how to use the
Plug-in Development Environment
(PDE) to generate Ant scripts. 

Iterative Builds for Fast
Continuous Building 
Build speed is the second challenge
that has surfaced from the continuous
build loop. Not only should builds not
break because of a simple source code
change, but they also should run as
quickly as possible. Builds must execute
efficiently to support a maximum num-
ber of builds per day. The goal should
be a build for every check-in, per-

CONTINUOUS BUILD
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formed incrementally. As developers
check in their source code changes, a
build should execute to determine how
those changes may have impacted the
application. 

This practice is truly the heartbeat of
the continuous integration effort, but
checking in source code doesn’t auto-
matically integrate that change into the
overall application. The build step per-
forms that integration, and the continu-
ous integration process is therefore only
as “continuous” as the build itself can
support. A build that takes two hours
can support a maximum of four contin-
uous integrations in an eight-hour day.

To achieve the goal of a build for
every check-in, you need build scripts
with the intelligence to determine
which objects need to be rebuilt. This is
referred to as build decision making with
build avoidance. Without build avoid-
ance, the entire application is rebuilt
every time, even binaries that weren’t
changed. Also known as clean-all builds,
these are inefficient and redundant, but
are often performed when scripts lack
the intelligence to sort out what needs
to be rebuilt and in what order. There
could be hundreds of class files or
source objects to re-compile and re-link,
sometimes taking several hours,
depending on the number of objects
that make up the application. 

Reducing the redundancies in the
build step is the most efficient method
of decreasing build times. Build avoid-
ance provides an iterative build process
that supports the iterative nature of
continuous integration builds and
agile development methodologies.
Build avoidance is the process of exe-
cuting builds on a continuous basis,
rebuilding only the objects that are out
of date based on new source code
changes.

Build avoidance is best done
through source code scanning, depend-
ency management and date time check-
ing. Once a common practice in C pro-
gramming using Gnumake processing,
build avoidance has now become a lost
art. You can bring it back in style by
adding some intelligence to your build
scripts to perform some basic source
code checking prior to the build. 

Defining a build process that uses
build avoidance is possible with most
languages and build engines. If you’re
writing your scripts using Apache Ant,
you can use Ant attributes such as
depends to sort out the order in which

objects need to be recompiled. If you’re
using Maven, the uptodate tag will pro-
vide this functionality.

Using MSBuild as an example, it’s
helpful to understand how to add these
types of calls to your build engines.
MSBuild uses transform statements that
allow you to define builds incrementally
by comparing the date and timestamps
of the source to the object to determine
which objects need to be re-compiled or
re-linked. In the following MSBuild
XML code sample, any files in the
@CSFile collection item that are newer
than the output helloworld.exe will
cause helloworld.exe to rebuild. If the
files in @CSFile collection item are
older than helloworld.exe, a rebuild
won’t occur.

<Target Name=”CI Build”
Inputs=”@(CSFILE)”
Output=”helloworld.exe”
<Csc

Sources=”@(CSFile)”
OutputAssembly=”helloworld.exe”/>

</Target>

If your builds are running more
than one hour, it’s likely worth the
effort to revamp your build scripts and
add build avoidance. It can drastically
reduce build times by steering clear of
the “clean all.” To move development
practices away from the waterfall
approach and toward the more
dynamic agile methods, you’ll need to

upgrade the way builds are managed
and remove inefficient and redundant
build structures. The ability to execute
continuous integration builds using
continuous build scripts that stay syn-
chronized with the IDE will provide
the most immediate improvements
and keep your builds from breaking
and your continuous processes from
grinding to a halt.

Technology for implementing con-
tinuous build scripts is readily avail-
able. Once the agile developer recog-
nizes the waterfall nature of static
build scripts and how static scripts cre-
ate roadblocks in the agile process, the
use of continuous build scripts will
become the standard method for per-
forming builds when agile methods
are implemented. 

Putting workflow on top of old
scripts from waterfall methods isn’t
enough to support a continuous and
agile build process. Use build avoid-
ance to reduce build times. Shorter
build times equal more builds, and
more builds equal more frequent inte-
grations. Developers get immediate
feedback about the correctness of
code changes and how those changes
integrate with the code baseline. Auto-
matically maintaining build scripts
and reducing builds from hours to
minutes is critical to achieve a truly
continuous and agile build process. �

CONTINUOUS BUILD

BUILDS:WATERFALL VS. AGILE

For most development teams, the build process is deeply rooted in manual scripts that are

static in nature.To take full advantage of continuous integration, the build process must be

non-redundant and adapt to a changing source code base. Often code changes take place

inside the IDE, but manual build scripts that support the creation of binaries outside of the

IDE are static and managed manually. Therefore, there is an inconsistency between the

developers’ frequent source code changes inside the IDE and what occurs during the con-

tinuous build outside the IDE.

If you think about how build scripts were implemented in the waterfall approach, you can

clearly see the problem. With waterfall, builds are done infrequently. Weekly or monthly

“system” builds are the standard.This means that once a week, or month, developers check

in their changes and the build manager, an individual assigned to manage the build scripts,

begins working on the build.They update the scripts as needed, often taking the individual

build scripts and merging them with a system build script. They execute the system build

and fix problems as the build breaks.This continues until a successful build is performed.

With an agile continuous integration build, there is no luxury of time to sort out the sys-

tem build. A system build occurs each time the continuous integration server executes—

preferably each time source code is checked into the source code repository.There is little

time to have a build manager update the scripts each time a source code change impacts

the build.

Reprinted with permission from Software Test & Performance, July 2008
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