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1 Introduction

1.1. The Purpose of the Study

In 1995, the book Microsoft Secrets [1] was published. This book included, among other
things, a description of how Microsoft uses daily build. In 1996, another book called Rapid
Development [2] was published, also describing daily build. Two years later, the Swedish soft-
ware industry started to pay attention to daily build, and at the end of 1998, daily build was
often mentioned as a method used by Swedish software companies.

At this point, it was shown that many smaller Swedish software companies had been work-
ing with daily build for a long time. However, these organizations did not set out to use daily
build as such; internal improvements ultimately led to a daily build approach. Around 1998,
larger software companies in Sweden also started to use daily build. However, the different
companies had applied daily build to their software development in different ways and each
company had its definition of daily build. This created problems when persons from differ-
ent companies wanted to discuss daily build, and organizations did not agree about a stan-
dard definition of daily build and its components.

The purposes of this study are as follows:

e provide one common definition of daily build, based on the different definitions
that exist in the industry today

»  spread the daily build concept in Swedish industry
* meet the demand for literature describing daily build
* investigate how daily build is used in Swedish industry today
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1.2. Intended Readership

This report is written for persons in organizations considering implementing daily build, as
well as those in the software industry who wish to learn more about daily build. On a more
detailed level, the report is targeted to persons responsible for implementing daily build in
an organization. The focus in the report is the process used for daily build and how daily
build impacts the development process and the organization. Technical aspects of daily
build, such as scripts for performing automatic builds or automatic testing, are not covered
in this report.

This report is not a ‘cookbook’ for implementing daily build. It highlights and discusses dif-
ferent ways to tailor daily build and should be used by persons responsible for implementing
daily build in their organization to inspire, give ideas and overcome hurdles.

1.3. Report Structure

The report is based on literature, experience of the authors, and interviews with Swedish
software companies with experience from daily build.

The report contents and structure were determined together by a steering committee with
representatives from various Swedish software companies.

The report is divided into three main parts and eight chapters. The first part, Chapters 1- 2,
is an introduction to the report and a summary of recommendations and conclusions. The
second part, Chapters 3- 6, is a theoretical description of daily build. The third part, Chap-
ter 7, presents experience from the industry using daily build.

The report is organized as follows:

e Chapter 1. Introduction
*  Chapter 2. Compiles conclusions and recommendations.

e Chapter 3. Contains a brief overview of daily build, to introduce the reader to the
concept. This chapter also highlights the benefits and risks with daily build.

»  Chapter 4. Contains a more detailed description of daily build.

»  Chapter 5. Highlights how daily build impacts the software environment, in areas
such as:

- the development process

- the documentation

- the architecture

- Requirements Management
- Software Project Planning
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- Software Project Planning and oversight
- Software Subcontract Management

- Software Configuration Management

- Peer Reviews

Chapter 6. Contains guidelines for how to implement daily build in an organiza-
tion.

Chapter 7. Contains experience from software companies using daily build or plan-
ning to implement daily build.

Chapter 8. References.
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2 Conclusions and
Recommendations

2.1. Conclusions

This study has proven that daily build is a widespread method used by several different soft-
ware companies in Sweden. The study has also proven that each company uses daily build in
its own way, and that each organization has its own definition. However, the different com-
panies all created their daily build based on the same major corner-stones, namely:

e iterative development (build the system at regular intervals)
e automatic testing
* responsibility based on features

This study has also proven that daily build is a very popular method at the companies using
it. The companies that are covered by this study are all very satisfied with the results and the
gain they received by introducing daily build.

2.2. Recommendations

Based on the positive response given by software companies using daily build, it is recom-
mended that those software companies experiencing software development problems such
as excessive lead times, low quality, and poor project control investigate how daily build can
improve their software development.

It is also recommendable that companies currently managing their software development
successfully investigate how their projects will look in the long term. A lot of companies
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have problems controlling projects that increase in size. One solution to retain the control
over larger projects is daily build.

It is very important that the company considering implementing daily build investigates how
the organization should apply daily build to attain maximum benefits. As mentioned before
each company uses daily build in its own way, and daily build has to be tailored for each
company’s individual needs. The use of daily build can always be improved and therefore it
is important to have a person in the company responsible for continuously improving the
application of daily build. It will take some time before daily build works in a satisfactory
manner.

An organization that wants to take full advantage of daily build needs to ensure that the fol-
lowing things are in place or can be arranged:

*  Organize work so designers can deliver executable code to the system on a daily
basis. This can be done either by a detailed construction plan or by organizing
design in feature teams [see Chapter 3.2].

* A configuration management system that can keep track of different versions of
the code

e Anautomatic build process
e Automatic test on the product

Note that the first item is more an organizational change, and the remaining three items are
technical infrastructure improvements. It is thus advisable to divide the implementation of
daily build into two separate parts: one handling the technical infrastructure, the other han-
dling the organizational changes. These two parts can be implemented in parallel, normally
with the implementation of the technical infrastructure one step ahead of the organizational
changes. This is beneficial since the technical infrastructure is useful independent of how
the design is organized; the design organization can assume that the technical infrastructure
is in place, and discuss the optimal way to organize design under these conditions [see Chap-
ter 6].
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3 Daily Build; a Brief Overview

This chapter provides a short summary of daily build to introduce the concept to readers
with no previous experience of daily build, so this audience can fully profit from the rest of
the report. This chapter also highlights benefits and potential risks with daily build.

A more in-depth description of daily build is given in Chapter 4.

3.1. A Brief Overview

The principle behind daily build is simple: build and test the product every day. This
means working in parallel teams/designers that ‘synch up’ and verifies the system at the end
of the day. To meet this goal three tasks must be completed.

1. Deliver code to the build every day. Building the system every day is worthwhile only if
new code is added to the system every day. It is useless to build the exact same system two
days in a row. This does not mean that every designer or every team has to deliver new code
to the system every day, but at least one team or designer should deliver so the system
receives new code each day; for example, if the project comprises five teams, every team has
to deliver code at least once a week.

The code delivered to the system must be synchronized between designers so the function-
ality in the system increases with the number of deliveries - in other words, designers must
break down the functionality into smaller increments that are delivered to the system. Each
code delivery must not add any new functionality to the system. Even if the new code does
not add any new functionality until other code parts are delivered, it is still important to
deliver the code on a daily basis, since this will maintain project momentum and will provide
evidence of real progress in the project.
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Designers should try to get the code being delivered to the system to be consistent from a
system perspective as early as possible. Consistent code means that all impacts for a specific
part of an end user functionality are in place. If two modules interact to perform a task, the
implementations of this interaction must be checked in at the same time. Take as an example
a functionality that needs a new parameter in a function (signal). Both the caller and the
called module have to implement the additional parameter at the same time.

Ways to organize the design so code can be delivered on a daily basis are presented in Chap-
ter 4.1.

2. Build the system on a daily basis. When design has delivered the new code, the system
has to be built. Most companies have an ‘integration group’ (also called a ‘build group’) that
is responsible for this task.

The build process contains two major steps:

e Merge the code to the main code line
e Compile and link

The first step is to get in all the new code from the designers to the main system and make
sure no code conflicts have arisen between different designers’ new code. Then the integra-
tion group has to compile the total system (build the system). If compiling is successful the
result is the new daily build. Building the whole system must be done in less than 3-4 hours,
since the final part - automatic testing - should also be done before the next morning (most
builds and tests are run during the night).

The system build has to be automatic. Otherwise, it will require too much effort to build the
system every day.

Organizing the building of the system is discussed in Chapter 4.2.

3. Perform automatic testing of the system. Automatic testing is the third part of daily
build, as it is of little use to build a system on a daily basis if a certain level of quality cannot
be ensured. The idea of the test is to establish that none of the existing functionality in the
system is broken; i.e., a regression test is performed. This test has to be automatic as the
amount of effort needed to manually do the tests every day is prohibitive.

Most companies using daily build have a test group that handles the automatic testing.
When failures are found, the test group will contact the responsible designer.

3.2. Daily Build and Feature Team

Another concept discussed in connection with daily build in this report is Feature Team,
where the definition of feature is as follows:
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A feature is an end user functionality, which might involve several modules in the system.
There are two ways to organize the design teams, module team or feature team.

e Module team is the traditional way with one team or individual responsible for one
or several modules. The team or individual implements impacts from all features in
these modules.

«  Feature team means that the responsibility is based on end user functionality, where
one team or individual is responsible for one feature and implements this feature in
all modules that are impacted by this feature.

These two ways of organizing design are not mutually exclusive and can be combined.
A mutual dependency exists between daily build and feature team:

» feature responsibility is a prerequisite (at least for bigger projects) for taking advan-
tage of daily build since the amount of coordination and planning needed between
module responsibles to deliver consistent code is unreasonably high. Every module
designer has potentially several features impacting his module, where each feature
is also impacting many other modules. In a feature team, these coordinations are all
handled within the team.

e daily build is a prerequisite as a control mechanism to handle feature teams work-
ing in parallel, to synchronize the teams and to ensure that delivered code has the
appropriate quality. Additionally, daily build ensures that different feature teams do
not work too long in isolation, making the merging of their features at the end
more difficult.

Regardless of whether daily build is a prerequisite for feature team or the other way around,
these two techniques should be considered together. More information about feature teams
is provided in Chapter 4.1.

3.3. The Benefits of Daily Build

This chapter presents the most common benefits experienced by companies using daily
build:

e Better project and quality control

- Real progress is very clear - not only document status but real executable code
can be seen. If a team has not delivered any code for a long time, this is an
indication of a problem and should be investigated.

- There is always an executable system; even if the current build fails it is possi-
ble to go back to the last stable one - each day there is a stable product.
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“Big bang” integration problems at the end of the project are avoided - the
system is built together every day.

Improved fault handling

Faults are detected early after they are introduced. This does not only pertain
to local faults but also global system faults and interference with old function-
ality. These types of faults are usually discovered later when daily build is not
used.

It is easy to isolate faults, since in most cases these come from the new code in
the current build, and the teams delivering this code should be able to fix the
faults.

Focusing on end user requirements and code - Code Is King

Facilitates customer involvement - the customer can follow the progress and
verify his requirements on the real product.

Shorter leadtime

Higher pulse in the project.
Less design documentation

System test can proceed in parallel with development, thus reducing the lead-
time for system test at the end.

Increased understanding of the usability of the system

The organisation has to “eat its own dog food”, meaning it must load its soft-
ware product into the hardware system. This gives an increased understanding
of the usability of the system.

An indirect advantage is the infrastructure, automatic builds and automatic
testing, built up by the organisation using daily build. This infrastructure is
very useful for fault handling and maintenance of the products.

Better working situation for the designers

Increased motivation for the designers when they can see progress every day
and get direct feedback on their work

Decrease the pressure and stress on the designer. Normally the designer has a
very stressful working situation at the end of a project. With daily build the
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stress is distributed to a more reasonable level through the whole project [see

Figure 1]
Projects not using daily build Projects using daily build
Designers’ Designers’
Stress level Stress level

A A

!

I - Time I = Time

End of End of
Project Project
Figure 1. Designers’ Stress Level in a Project

Benefits with feature team:

* The feature team has a focus on end user functionality and code. The team has a
system view instead of a module view.

*  Changes in requirements and plans are usually isolated to one feature and can be
handled more easily by the feature team.

» Coordination towards associated projects is usually easier, because new interfaces
usually come from new end user features and can be handled by feature teams on
both sides.

e Interface updates between different modules in the system will mainly come from
new customer features and can take place inside the feature team.

These are just a few of the benefits companies have experienced. More advantages are pre-
sented in Chapter 7.

3.4. Common Risks Using Daily Build

During this study, we have identified a number of potential risks. However, we have neither
experienced nor met any company that encountered any serious failure because of daily
build.
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We have identified the following potential risks:

Risk: Too frequent releases. There is a risk that the customer requires more fre-
quent releases since there is always an executable system. More frequent releases
will mean that the designers will spend time on documentation and special solu-
tions that are not needed for the final product. Too frequent releases can also lead
to releases with too low quality. The lower quality will result in designers spending
time answering questions and handling problems from the customer.

- Recommended Solution: We recommend companies using daily build to
keep to the release plans - both regarding number of releases and dates for the
releases. If the company has to release the product more frequently, include
only those features that meet minimum quality requirements.

Risk: Daily build can cause development to be excessively pro-active. It is impor-
tant to find the right speed in the project and people still need to think before they
act.

- Recommended Solution: We recommend using peer reviews [see Chapter
5.9] to handle this risk. Introducing peer reviews will require people to stop,
think through the implementation, and adjust the speed in the project.

Risk: the architecture degenerates and the product becomes more complex.

- Recommended Solution: Introduce architecture police and module responsible [see
Chapter 4.1], to keep the focus on the architecture [Also see Chapter 5.3]

Risk: “Quick and dirty” changes instead of a more accurate fix. This is a risk only
if the company uses opportunistic handling. Opportunistic handling means that
more than one team works with the same module in parallel [see Chapter 4.1].
Opportunistic handling implies a longer time slot between code check in, meaning
more work for the project, since more merging problems must be resolved. To
avoid this extra work load, a designer might choose a quick and dirty change
instead of a more accurate remodelling that takes more time.

- Recommended Solution: This risk can be eliminated if the designers team
up to break down fixes in smaller steps. Then they can choose to perform the
more accurate remodelling while still checking in the code at regular intervals.

Risk: Too little design documentation. If the organisation has too much design
documentation, daily build can help to decrease the documentation [see Chapter
5.2]. On the other hand, if the organisation already has unsatisfactory design doc-
umentation there is a risk that daily build will make the situation worse. Daily build
leads to faster feedback from the tester to the designers, and this in combination
with feature teams will increase the communication between different designers
and testers. This means that some problems will be solved verbally in the corridor
and that the design documentation will not be updated.

- Recommended Solution: The increased communication between different
feature teams, designers and testers is good. This communication will help
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feature teams learn more about the whole system and other features. To
ensure that documentation remains current and that the documentation is
produced, we recommend making a person responsible for the documenta-
tion as well as regular peer reviews that include the documentation.
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4 Daily Build;
a Fundamental Description

This chapter presents a more fundamental description of daily build and the environment
required to succeed with it. In Chapters 4.1 and 4.2 we assume that daily build is used in a
larger project (more then 20 designers). In Chapter 4.4 we discuss how a simplified applica-
tion of daily build can be used in a smaller project.

4.1. The Organisation of Responsibility in Design

To manage delivering consistent code from design in bigger projects (more then 20 design-
ers) without unreasonable communication, we recommend that feature teams are used [see
Chapter 3.2]. Feature responsibility can also be used in smaller projects but it is not a prereg-
uisite for smaller projects.

This chapter describes the organisation of responsibility in the design phase when using fea-
ture team (with design we also include implementation). We recommend that the feature
teams are responsible for the feature throughout the project, from requirement specification
to testing; but in this chapter we discuss only the design phase. The responsibility of the fea-
ture team must extend to the system level on which daily build is used [see Chapter 4.5].

Using feature teams means that the feature team will implement changes in all modules
which are necessary to get the end user feature to work, possibly in parallel with other teams
implementing impacts from other features in some of the same modules.
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When implementing feature team responsibility there are generally two approaches to han-
dle several feature teams working on the same module: opportunistic and planned. Oppor-
tunistic handling means that anyone can check out a module and work on it in parallel with
anyone else. The first to check in a change does not have to do any merging, whereas all
those checking in later must merge with all who have worked in parallel and checked in
before [see Chapter 4.2]. The opportunistic handling is a big incentive for making small
changes to the modules and checking them in frequently, thus serving as the engine of daily
build.

Planned handling means that each feature team has a time window when it works alone with
the module. This time window can be planned centrally or decentralized by the involved fea-
ture teams and a module responsible.

Using feature team responsibility does not exclude the idea of module responsibility. This
role is becoming increasingly important in a feature team organization. The role is changing
from someone who does all the work in a module, to someone who is guiding, checking and
approving solutions and implementations proposed by each feature team. Of course the
module responsible should participate in the feature team which has the biggest or most
complex impact on the module.

Another important responsibility in the design organisation is the ‘architecture police’. The
‘architecture police’ is responsible for keeping a close check on the architecture. This person
has to make sure that the designers stick to the architecture and that the architecture does
not degenerate.

Figure 2 shows the different roles of responsibility in design.
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Architecture Police

Module A Module B Module C Module X

\

Module A responsible Module B responsible  Module C responsible ~ Module X responsible
from feature team 1 from feature team 2 from feature team 1 from feature team 3

|:| = FEATURE 1, FEATURE TEAM 1
= FEATURE 2, FEATURE TEAM 2

= FEATURE 3, FEATURE TEAM 3

Figure 2. The Organisation of Responsibility in Design

Those parts of the modules that are basic functionality used by many different features are
implemented by the feature team in which the module responsible is working.

Two other groups in the daily build organisation are the integration group [see Chapter 4.2]
and the test group [see Chapter 4.3].
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Using feature teams will imply that designers will modify code written by other designers.
This leads to two problems:

1. The code has to be understandable for other designers. It is therefore important
that the code is written in such a way that it is easy to understand and that the code
is well commented. Introducing a code standard is one way to overcome this prob-
lem. It is also important to create a culture in the company so designers try to write
understandable code and keep the code on a high level.

2. Designers dislike when other designers modify their code. Designers often think of
their code as work of art and do not want anybody else to touch it. This problem is
more serious than one would first think. To overcome this problem, the company
has to create a culture allowing designers to modify others’ code. The designers
have to understand that they are a part of a team, all working towards the same
goal, and that the common result is the work of art. Also, refocusing the designers’
attention from code modules to customer features will help.

Another way to reduce the impact from these two problems is to actively swap assignments.
A designer that has been working with feature A, when feature A is ready, can change and
start working with feature C in feature team C. In this way, the knowledge about the whole
system increases in the different teams. One company that uses this idea is Microsoft, where
the designers have to look for new assignments in the organisation when they are finished
with their task. Of course, the swapping between teams must be within reasonable bounds.

4.2. Build

The second part of daily build, to build the system on a daily basis, can be divided into two
main steps:

*  Merge the code to the main code line [see Chapter 4.2.1]
e Compile and link the system [see Chapter 4.2.2]

4.2.1. The Daily Build Process in a Feature Responsibility Organisation

The daily build process describes how the designers merge the code to the main code line.
This chapter presents two different daily build processes that can be used in projects work-
ing with feature responsibility. The first process is used by an organisation applying oppor-
tunistic handling. The reason for the many steps in the process is that many different people
can make changes to the same modules in parallel. The second process can be used in an
organisation using planned handling. These two processes are just two examples - a lot of
different daily build processes exist. The process has to be tailored to suit each organisation.

The opportunistic process (this process is similar to the process used at Microsoft, see [1]:
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Feature Team A Corrects

- Check out not longer

than one week

/" = One cycle (Build and automatic testing)

Figure 3. Example of a Daily Build Process 1

1. Check out private copies of the source code from the main code line. The main
code line is a centralized master version of the source code, always containing the
last successful build. Only the team that checked out these private copies will mod-
ify them. Other teams have to check out separate private copies from the main
code line. The feature team will only check out one copy of the source files which
then are used together in the feature team, i.e. each designer in the feature team
does not have his own copy.

2. Implement feature, build and test private release.

- The feature team implements the feature in the private copy of the source
code file.

- The feature team builds a private version of the system, using the copy of the
source code file that includes the new implemented feature.

- Test the private release of the product to make sure that the newly imple-
mented feature works correctly [also see Chapter 4.3].

3. Check out copy of last successful build of the main code line

- & Synchronize code changes. Compare the private copies of the source code
that includes the new feature with the current main code line. The current ver-
sion of the main code line could have changed since the team checked out
their private copies in step 1, since other teams implementing other features
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could have checked in updated copies of the same source code files that this
feature team has checked out. The team should do this comparison in the late
afternoon, so they can be sure to use the most recent version of the main code
line, since no one is allowed to check in any new code after the daily check in
deadline [see Chapter 4.2.2]. The team has to have a tool that automatically
determines the differences between the files.

- b: Merge Code changes. Update the private copies of the source code so they
include the new feature implemented by this feature team and other changes
made by other feature teams. It is recommendable to have a tool that handles
this merging automatically and warns the team of any merge conflicts (incon-
sistencies between the files) that must be solved manually.

- C: Test the private release. Ensure that the team’s newly implemented feature
still works correctly. If required, the feature team can also perform some sort
of ‘smoke test’ to ensure that basic functionality still works correctly and that
the new feature does not interfere with some other features [also see Chapter
431].

4.  Check in private copy before check in deadline. If step 3c was successful the team
can check in their private copies to the main code line. The first step when doing
this is to synchronize the private copies with the main code line version again (if
any new changes are implemented by any other team), see step 3a. Then the merge
conflicts must be handled, see step 3b. If there should be any merge conflicts they
can not solve, the team has to withdraw those files and resolve the incompatibility
in the changes.

5. Now the integration group start to compile and link the whole system [see Chapter
4.2.2]

We recommend that no check out is longer then one week. If implementing the feature
takes more then a week, it is recommendable to check in parts of the feature at least on a
weekly basis.

If a failure is found later that depends on feature A, feature team A goes through the pro-
cess again correcting the failure [see Figure 3].

This process is also useful for organisations that are not working in teams, i.e. a single
designer is responsible for a feature. The process is applied in the same way.

The Planned process. This process describes a situation where daily build is tailored to be
used on the feature branches instead of the main code line. This is not a requirement for
projects using planned handling. Using daily build on the feature branch makes it possible
for the feature team to follow up results each day, but the total system is not followed up
daily, since the main code line is built only on demand (when a new feature is checked in).
This means some of the advantages of daily build are lost - the different feature teams will
synchronize on a demand basis instead of a daily basis.
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It is advisable to use daily build at the main code line and not on the feature branches. The
reason this example of daily build on the feature branches is presented (despite that it is not
recommended) is to show how differently daily build is applied in the industry. For more
examples of how the daily build process is handled in the industry, see Chapter 7.

The process for planned handling does not include as many steps as the opportunistic pro-
cess since there are no merging problems.

Daily Buil
wietuh)i/n t?rla?]ch Feature Team C
Feature /\/\/\/\m LY NV
Branch
1 Feature Team A \
Main m ~
Code 7
Line ime
Daily Build within branch 3
AAAAAA
Feature L ——| -
Branch Feature Team B
- Time: 2-3 weeks -
/" = One cycle (Build and automatic testing)

Figure 4. Example of a Daily Build Process 2

Check out. The feature team checks out private copy of the main code line.

2. The feature team implements the feature. The feature team builds the system of its
own private copies whenever necessary and uses automatic nightly test. The fea-
ture team is allowed to make changes only to those files assigned to the team mem-
bers during this time period. The project must be planned so that other feature
teams that need to modify the same files will do it during another time window.

3. Check in the private copies of the files with the new feature implemented. When
the team check in they also compare the files with the main code line and handle
potential merge problem. There should not be any merge problem since no other
team has changed the files in parallel.

4. The integration group starts to compile and link the whole system [see Chapter
4.2.2]. The integration group will not have a major work load, since the main code
line are not build more then once or twice every month and the building of the fea-
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ture branches are handled by the feature team themselves. The integration group
can therefore consist of some designers from some of the feature teams.

In this process, bug fixing is handled in the same way as in the other process.

To use planned handling requires accurate planning of the project, so no feature team is
forced to wait on modules. The advantages with planned handling are an easier process and
no merge conflicts.

4.2.2. Compile and Link the System

The second step in building the system is to generate a complete build of the system every
day. The build is done using the code in the Main Code Line. The Main Code Line is the
backbone of the system that is being developed, and guarantees that there is always a stable
version of the system. If faults are found in the nightly test, the faults are most probably
introduced by the code that was checked in the previous day; it is always possible to go back
to the Main Code Line of the day before that comprises a stable product.

Most organisations have an integration group responsible for the daily builds of the main
code line. The integration group defines a check-in deadline, and all files the teams have
checked in before the check-in deadline are included in the build. If the build is successful
(compiles), the result is distributed to the test group. If the build group finds a failure that
breaks the build, i.e., the system does not compile, the build group must find the responsible
team so they can solve the problem as soon as possible. This can be handled in different
ways depending on the culture of the company and the country. Some companies in the
United States call in their designers around the clock, and these designers must report to
work and find the failure - even if the call comes in the middle of the night.

Regardless of whether designers must find fault sources in the middle of the night, the seri-
ousness of breaking the build has to be high. Finding the right point at which to break the
build is one of the success factors for daily build. If we set the seriousness of breaking the
build too high, we will perform unnecessary work; if we set it too low we will not make
enough progress in the build.

Some tricks that have been used by companies to increase the seriousness of breaking the
build are:

» Contact the responsible designer in the middle of the night, upon which the
designer has to appear and find the failure.

»  Create silly hats or door-signs that the person breaking the build must wear until
the next person breaks the build. Of course this has to be done with some humor,
so the designers do not get upset.

e Let the person who broke the build be responsible for building the system the fol-
lowing nights. This means monitoring the build and calling the next person who
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breaks the build.

* Let the integration group contain persons that are recognized as good designers
and have authority (informal leaders). To succeed with this, working in the integra-
tion group must have high status among the designers.

* High management attention. Every time the build is broken top management in
the organisation is informed.

The integration group is also responsible for the configuration management (CM) of the
main code line and the different branches that have been checked out. The building of the
system has to be done automatically - otherwise it will be too strenuous to do it every day.
Most of the modern CM tools can handle this task. The integration group’s work is mainly
to link the right files into the version that will be built and then follows up the result.

4.3. Testing Strategy

4.3.1. Automatic Testing

Automatic testing is the third part of daily build. It is of little use to build a system on a daily
basis if we cannot ensure the quality of the system.

If the daily build was successful automatic tests are executed nightly to ensure that none of
the existing functionality in the system is broken because of interference with the newly
added code; i.e., a regression test is performed. This is also called a “smoke test”. This test
has to be automatic as the amount of effort needed to manually do the tests every day is
prohibitive. There are two alternatives when it comes to what the test includes:

e Only the functionality level of the last finished increment (if daily build is used in
combination with incremental development [see Chapter 5.1.1]); i.e., the function-
ality in the current increment are not included.

* The functionality level of the last successful build; i.e., the functionality in the cur-
rent increment is included.

The last alternative makes it possible for teams to include test cases to safeguard their func-
tionality in the test, thus as soon as they have done their own test of the last build to ensure
that it has the required functionality, passed test cases can be included in the automatic test.
These test cases will ensure that any changes impacting their new functionality will be
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detected. This means the number of test cases executed each night will increase during the
project [see Figure 5]

Number of executed
test cases each night
A
Calendar
time
Figure 5. Number of Executed Test Cases

If the amount of test cases becomes too high to be run every day, the test group can devise
a plan to alternate test cases so that all test cases are run at least once a week. With several
hardware platforms, the test cases can run alternatively on different platforms to obtain full
coverage.

If faults are found in the nightly test, the test group has to inform the responsible team. It is
usually rather easy to track the faults since the test group knows the faults were introduced
by the code checked in the previous day. It is very common that the test group presents the
result from the nightly test on an internal web page so the whole company can follow up the
progress and quality of the system. Another common way to create understanding and
involvement in the development of the product is to involve the whole company in the test-
ing of the product. When the product reaches a stable quality, the company can distribute
the successful build to persons in the organisation that use the product in their daily work.
Of course this depends on what applications the company develops; for example, compa-
nies developing text editors can distribute the product to designers, salespeople, and others,
while companies developing aircraft systems will find it more difficult to involve non-devel-
opment people in the organisation.

Since breaking the build is considered very serious, there must be a possibility for the feature
teams to do part of the build and test steps in a private environment before submitting it to
the main code line and a system build [see Chapter 4.2.1]. How much of this private activity
is cost effective to perform has to be judged for each system, but the important thing is to
avoid performing the same tasks twice. We recommend that each team continue with same
quality assurance activities that it usually performs in projects not using daily build, such as
code review, compilation, and test of new feature functionality, before submitting the code.
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We also recommend that all regression tests of old functionality are done centrally by the
test group.

The amount of automatic testing possible to execute depends on the product the company
develops. Getting the automatic testing to work is probably one of the largest technical chal-
lenges to overcome when introducing daily build.

4.3.2. Incremental System Test

After each build the functionality is tested in automatic test. This test covers both new func-
tionality and regression test. However, these tests are smoke tests and the test coverage
might not be very high. Therefore a more fundamental function and system test can be exe-
cuted after each increment that is implemented (if daily build is used in combination with
incremental development [see Chapter 5.1.1]). The two alternatives for executing this test
are:

e Freeze the code line at the delivery of the increment, letting the function and sys-
tem test proceed in a stable environment.

»  Let function and system test use the same code line as the daily build.

Using a frozen code line has the disadvantage that we must maintain two branches, i.e. seri-
ous faults must be corrected both for the frozen code line and the daily build code line.
Using the same code line will mean that function and system test will be executed in a less
stable environment, and we can never be sure if a fault comes from something delivered in
the last increment or last build. Similarly, we can experience that test cases that passed earlier
now fail because of faults in code in the latest build that was not detected by the automatic
test. However, if we can include all passed test cases in the automatic test run daily we can
ensure some quality here. Even if the function and system test is executed in a more unsta-
ble environment we have the advantage that faults are detected earlier.

4.3.3. Impact on Traditional Testing

Test are perhaps the part that is most influenced by daily build. Traditionally (not using daily
build or incremental development), all the integration and system test was performed at the
end of the project [see Chapter 5.1, Figure 6], which often led to “big bang integration”
problems. With daily build, the integration and system test is done in parallel with the imple-
mentation, avoiding the big bang integration problems [also see Chapter 5.1, Figure 7].

The final test phase (integration and system test) that traditionally has been very long, can
now be seen as a final assurance that the system has the required functionality and quality.
The lead time of this final test phase can be markedly decreased.
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Traditionally, projects have included several different test phases in the development cycle.
The practice has been to include as much as possible in the earlier test phases, since it is
more expensive to discover a fault in a later test phase, and the feedback loop is longer. The
disadvantages with all these test phases are long leadtime and a lot of overlap, i.e. the same
functionality is tested several times. With daily build and automatic testing, this assumption
is not valid any more, as we can do any sort of tests after each daily build. The feature teams
can be more effective in selecting and writing test cases when the test cases make most
sense.

4.4. Daily Build in Smaller Projects

In projects with less than 20 designers, it is possible to handle the communication between
modules responsible required for delivering consistent code; i.e., it is possible to have mod-
ule responsibility instead of feature responsibility. Therefore, smaller projects can retain the
module responsibility when they introduce daily build. This requires good communication
between the designers so they plan together what functionality should be included in the
daily builds. For example, designer A implements some functionality in his module that
requires that some parts are implemented by designer B in his module. Designer A then has
to order that designer B implements those parts. Alternatively, if designers have a good
understanding of other designers’ modules, designer A can implement the changes himself
in designer B’s module and tell designer B about the changes, which is close to what a fea-
ture team does.

Smaller projects do not exclude feature team responsibility, but feature team is not a prereq-
uisite for smaller projects. One example of a small project using feature responsibility is pre-
sented in Chapter 7.8.

A daily build process for a smaller project not using feature teams is simpler than the pro-
cesses described in Chapter 4.2.1. The following is an example of a daily build process for a
smaller project not using feature teams:

The designer checks out the file or files to work with.

2. When the designer has made the changes in the file or files the next step is to
“check out” a private branch of the current system and do the merge. Then the
designer compiles the private branch of the system and, if possible (if implemented
in other modules), tests the new functionality.

3. If the merge, compiling and testing were successful, the designer “checks in” the
modified file or files.

4. If Step 3 was successful, the modified code is now included in the main code line
and will be included in the next build of the main code line.

It is recommendable to have an integration group (or person) responsible for the builds of
the main code line, even in smaller projects.
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It is much easier to implement daily build in a small project that keeps the module responsi-
bility, since no changes of the responsibility are needed. However, changing to feature
responsibility in a small project organization are not too difficult, especially if everyone is in
the same location. On the other hand, it is in larger projects and together with feature
responsibility that companies achieve the major benefits of daily build.

The testing part is the same as for bigger projects [see Chapter 4.3].

4.5. System Level for Daily Build

It can be difficult to decide at what level in the system daily build will be applied, depending
on the product the company is developing. To highlight what we mean we can look at two
examples:

Example 1, Ericsson: One of Ericsson’s products is a complete GSM system. Ericsson pro-
duces all components of a GSM network out to the mobile phone, i.e., the switch, base sta-
tion controllers and base stations, as well as the Management System. Ideally Ericsson
should apply daily build on the whole GSM system, loaded into a GSM network. Today
Ericsson does not handle daily build on this level, instead it is aiming for daily build on each
node in the GSM network (e.g., a base station controller). These nodes have standardized
interfaces, and are usually developed by separate product units. There are usually standard-
ized products for testing the protocols between the nodes. Ericsson could also go into each
of the nodes and look at separate subsystems as the system to be built. In this case the hard-
ware has to be a simulator able to simulate the interfaces to the other subsystems. Doing a
daily build on a lower level than system means that Ericsson will lose many of the advan-
tages, i.e., consistency check will be local. More information about Ericsson working meth-
ods is presented in Chapter 7.

Example 2, Microsoft: Microsoft develops operating systems such as Windows 98 and Win-
dows NT. It also develops applications executed in these operating systems, such as Excel,
Word and so on. Daily build could be applied to Windows, Excel, Word and other applica-
tions together, since these will operate as one system from the end customer point of view.
Microsoft does not apply daily build on this level. Instead it uses daily build on the separate
products, i.e., Windows NT, Excel, and so forth are built separately. The reason for this is
that this products will also be executed with other programs, i.e., Excel will be executed on
other operating systems than Windows, and applications not developed by Microsoft will be
executed on Windows. Instead Microsoft ensures the quality of the products together in the
nightly test. In the nightly test Microsoft executes the different applications, for example
Excel, on different platforms with different operating systems.

No rules exist for choosing a level on which to apply daily build; this has to be determined
for each system. The only tip is to apply daily build on the highest level possible that seems
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sensible. It will probably require more effort to implement daily build at a higher level, but
the organization will also reap greater benefits.

4.6. Projects Suitable for Daily Build

Daily build is suitable for all kinds of projects, but there can be different ways for the organ-
isation to apply daily build - depending on the projects. This chapter presents differences in
projects from two points of view:

»  Size of the project (both in terms of lines of code and number of designers)
*  Type of product (new product or further development of existing product)

Daily build is suitable for projects in all sizes, so there is no upper or lower limit. For exam-
ple Microsoft has used daily build in projects with more than 30 million lines of code and
more than 250 designers. However, there might be differences in applying daily build
depending on the size of the project. This is discussed in Chapter 4.2 and 4.4.

The other difference is between projects developing products from scratch (i.e., no earlier
releases) and projects developing a new release for a existing product. The main difference
between these two types of projects is in their beginning stages. Developing a new product
will require more effort to identify features and divide features and basic functionality
between the feature teams. Often when a new product is going to be developed, the custom-
ers do not know what they want. Daily build can support the customer and the supplier so
they can reach a common understanding of what the customer wants, since daily build is a
good method for evolutionary developing and prototyping. The deliverer produces some
executable code, then discusses functionality with the customer, produces some more exe-
cutable code - discusses with the customer, and so on. This facilitates the common under-
standing since they have an executable system to discuss instead of design documents. By
using daily build the customer can follow the progress (and understand it) and make sure
that they get the desired result.

When developing a new release of an existing product one often knows what new features
will be added to the system; then daily build is not used as prototyping.

The conclusion is that the daily build is suitable for all kind of projects, but the type of prod-
uct the company develops can determine whether daily build is suitable or not. The main
restriction is that it must be possible to execute automatic testing on the product.

4.7. Tailoring Daily Build

In the industry today there are different ways that companies use daily build. In this report
some different daily build processes are presented, but there are also other possible varia-
tions on the theme. The reason for these different adjustments of daily build depends

Daily Build - Rapid Development and Control
Swedish Engineering Industries 1999
Sveriges Verkstadsindustrier



mainly on the size of the projects in the company, but also on the traditional development
process in the company, the people working in the company, and so on. This chapter dis-
cusses the most common adjustments of daily build. There are five main areas that change
when tailoring daily build, namely:

*  The frequency of the builds
e Who checks in code every day

e How to handle the Daily Build process (opportunistic, planned) [see Chapter 4.2.1
and Chapter 4.4]

e At what level in the system Daily Build is used [see Chapter 4.5]
e Integration group or not

The different daily build processes and the level in the system at which daily build is applied
have already been discussed. In this chapter we discuss the other three areas:

The frequency of the builds: Daily is not always “daily” in the daily build concept. Some
companies build the system only once or twice a week, and still it is considered as “daily
build”. The frequency of the builds does not have to be constant during the project; in fact,
it is very common that the frequency of the builds increases during the project. In the begin-
ning of the project, the system is built once a week and at the end, it is built at least once a
day.

Who checks in code every day: We mentioned in Chapter 3.1 that it is not necessary that
all the designers and teams check in code every day. The important thing is that new code
appears in the system every day and that a check out is not longer than a week. However,
some companies want each designer or team to check in new code every day. We do not rec-
ommended this since it puts too much pressure on the designer, and it can lead to hacking.

Integration group or not: It is not necessary to have an integration group, but we recom-
mend that the company has a person (or persons) responsible for ensuring the system is
built and that it compiles. All companies do not have this - some let the designers build the
system themselves.

These are some of the areas where different solutions exist. Other areas can be tailored, and
the combination of these areas gives a large number of different adaptations of daily build.
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5 Influence of Daily Build on
the Software Environment

Daily build started in the PC industry to get control over the development process, while
still allowing a focus on the end user requirements and code. Projects in the PC industry are
running in an environment without a strong development process and the daily build
approach is used to avoid chaos in increasingly larger projects. Lately, companies in other
industrial areas, e.g., the telecommunications industry, have started to use daily build in an
environment with a traditionally strong development process.

This chapter highlights how daily build influences the architecture, the documentation, and
the software process in a company with a strong development process.

The first part contains a brief discussion on the impact on the overall development process
(the waterfall model), the architecture and the design documentation needed. Then we
present a more fundamental discussion in different areas based on some of the Key Practice
Areas (KPA) in the Capability Maturity Model (CMM) levels 2 and 3. CMM is a framework
that demonstrates the key elements of an effective software process (see [4]). CMM is often
used as an model for software process improvements. The following KPAs will be dis-
cussed:

CMM Level 2

*  Requirements Management

»  Software Project Planning

»  Software Project Tracking and Oversight
e Software Subcontract Management
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»  Software Configuration Management
CMM Level 3
*  Peer Reviews

The scenario discussed in this chapter describes how daily build with all three components -
build on a daily basis, automatic testing and feature teams - will influence the software pro-
cess in a larger organisation with a strong development process that is running large
projects. However these discussions will also be useful to a smaller company that uses or
plans to introduce daily build, since the influence will be the same but on a smaller scale.

5.1. Influence of Daily Build on the Development Process

The waterfall development model [see Figure 6] is used by many traditional software com-
panies. The waterfall development model takes activities such as requirement specification,
software design, implementation, and testing, and represents them as separate process
phases. After each stage is defined, it is “signed off” and the development goes on to the
following stage; none of the phases are executed in parallel.

Requirement
Specification i

Software

Design l

Implementation

Integration and
system testing ¢

Operation and
Maintenance

Figure 6. Waterfall Development Model

When using the waterfall development model there is no code to be built until very late in
the project, thus the most of the advantages of daily build are lost. To get the full advantage
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of daily build, the development has to be split into smaller iterations, where each iteration is
taken into executable code [see Figure 7]. Daily build is normally combined with incremen-
tal development where the system is divided into a number of increments which are split
into smaller iterations, each taken into executable code. This will mean more activities are
performed in parallel.

Requirement Specification
| / ¢ L Small iterations taken
High Level Design into executable code
Increment 1
Increment 2
Increment 3
Increment X
Final Incremental ' Final |
Test Test
Operation
I = Implementation ~and
Maintenance
Integration and System Test

Figure 7. A Development Model Using Daily Build

This is one example of a development model using daily build. Another common approach
is that the design of each increment is a part of each small iteration instead of being done in the
beginning of the increments, i.e., each small iteration includes design, implementation, inte-
gration and system test.
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5.1.1. Incremental Development and Daily Build

As explained above, daily build is normally combined with incremental development. Incre-
mental development means that you split your system into smaller increments. An incre-
ment can have several interpretations within software development, for example:

* Inaproduct line, each release of the product is an increment.

*  Within a project there can be several increments, each adding functionality to the
earlier increments.

» Each sub-project or team can divide their work within one project into several
smaller increments. These could be the smaller iterations that are made on a daily
basis.

Several ways exist to decide what functionality each increment should have, i.e., the type of
increments. When combining incremental development with daily build and feature teams, it
is natural to base the contents of the increments on features, i.e., each increment contains a
package of features. The choice of which features to add when can be made based on char-
acteristics such as:

»  cost/benefit ratio for customer

»  stability of requirements

*  basic - advanced (from a user point of view)

» simple - complex (from an implementation point of view)
»  critical - non-critical (from a safety point of view)

When using feature increments and daily build, each feature team works in one increment.
This allows several increments to go on in parallel [see Figure 7]. The first increment to
start can be the last increment to finish, no values have to be set for the duration of the
increments.

By using feature increments and feature teams, projects will not be as dependent on the
delivery dates for increments as projects running with incremental development and module
responsibility. If a module in the later case is delayed, all the features in this module are
delayed. A more troublesome situation arises if this module is a ‘spider module’ (impacts a
lot of the features); more or less all the features in the system will be delayed. If one of the
features is delayed when using feature increments and feature teams, the rest of the features
can still be delivered in time.
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5.1.2. When Can Designers Start to Write Code?

A frequently asked question concerning daily build is when to start using the smaller itera-
tions, i.e., when to start writing code. There are two major forces that impact the start of
writing code:

e What phases of the development process do the iterations cover?
e When can we start to write code in each increment?

Basically the idea is to start coding as early as possible. As soon as the specification of the
architecture and interfaces starts designers can start to write code; i.e., the architecture and
interfaces are documented in the code. The code will not be sufficient documentation and
must be complemented with other types of documentation. The complementary documen-
tation shall be as little as possible; i.e., as much as possible should be documented in the
code. The complementary documentation should, if possible, be updated on-line, meaning
when a change is made in the code that affects other documents, these are also updated
directly.

However there is always a risk that designers start to write code too early, before there is a
good understanding of the architecture and interfaces. This might force projects to redo
what was done in the earlier iterations because of changes in the design in the later itera-
tions.

When we have a stable system, and the new projects are mainly adding new, rather indepen-
dent features, we can allow coding to start for a feature rather early. Here however, we have
to ensure that we can handle any feature interactions properly.

The desired situation is to start to write code so that no unnecessary design documentation
is created. All design decisions should be represented by the code, and not in superfluous
documentation. Instead of first writing documentation describing the solution, we directly
implement the solution in the system by writing code.

5.2. Influence of Daily Build on Design Documentation

As mentioned before, daily build will split the development into smaller iterations. There-
fore, the amount of design documentation has to be adapted to the iterative way of develop-
ing software. The design documentation has two different purposes:

e Support maintenance and enhancements of the system
»  Serve as input to the next stage of the development process

The first purpose usually requires less documentation than the second. For the maintenance
purpose, the design information can be on an overview level and details can be found in the
code, as we have all levels available during maintenance. For input to the next design phase
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we need more detailed design documentation since this will be used to hand over informa-
tion from one person to several others. There is a tendency to put additional details in the
high level design documentation to help the later design stages where we do not have code.
Working more iteratively in feature teams with less handover of intermediate results, with all
levels of documentation at the same time, will allow us to put the information directly where
it belongs. This requires that we have a design organization where a team is responsible for
an end-user functionality. Otherwise, we have a hand over of information about many cus-
tomer features, to the module responsible. This design information has to be more detailed
than the information necessary for maintenance, as the module designer is going to imple-
ment the impacts in the modules based only on that information, with limited time to
understand each individual feature or communicate with different feature designers.

Changing the documentation in this way will mean that the design documentation will be
overview documentation and details are to be found in the code. Therefore, it is important
that the code is written in such a way that it is easy to understand and well commented. The
feature teams also result in designers modifying code written by other designers. From that
aspect, it is also important that the code is easy to understand.

Changes in the design documentation because of failures found during the project will also
be easier to handle when using daily build and feature teams. The feature team is responsible
both for the code and the documentation and has the responsibility to correct both the code
and the documentation. With module responsibility, the person responsible for the failing
module has to inform all persons responsible for documentation of the feature that is
affected by the failure in the module. However, even if daily build and feature teams are
used, the old problem still remains that the documentation is forgotten and is not updated
because of time pressure.

5.3. Effect of Daily Build on Architecture

To be able to discuss how daily build impacts the architecture, architecture must be defined.
Architecture is a very comprehensive term; to make it less broad, we divide architecture into
five different views [3]: design view, implementation view, process view, deployment view
and use case view. When discussing architecture in this report, the design view and the
implementation view are covered, and the other views are not considered.

The design view encompasses the classes, and interfaces and supports the functional
requirements of the system. The implementation view encompasses the components and
files used for the physical system. From this point on in the report, the term “architecture”
includes only these two views.

One of the most frequently asked questions about daily build is *how does daily build influ-
ence the system architecture?. Many people are worried that using daily build in the long
term will lead to worse system architecture. The reasons for this concern are:
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e daily build increase the pulse in the system which can lead to ‘quick and dirty’ cor-
rections

* too much focus on feature team can lead to less focus on the architecture

e daily build makes it possible to use more prototyping during the development,
which can lead to less thought out architecture

Although these concerns seem most likely to be valid, we have not identified any company
or project that has encountered problems with the architecture because of daily build; i.e.,
we have not found any proof that using daily build should lead to problems with the archi-
tecture.

Even though we have not found any proof we think it is important to continue the focus on
the architecture when using daily build. To avoid potential problem with the architecture it is
important to:

* have the right balance between feature responsibility and architecture responsibil-
ity. A common solution is to focus more on architecture in the beginning of the
project, and when the architecture is stable move over to more strict feature
responsibility.

» if using prototyping, go back and structure the architecture when finished with the
prototyping

* have one person responsible for the architecture [see architecture police in Chapter
4.1]

Using feature teams puts some new requirements on the architecture. All feature teams have
to understand the system architecture (all five views) since their feature might be part of
many modules. Therefore the architecture has to be easy to understand.

It is also important to minimize critical points in the architecture. Critical points are parts of
the system that are affected by many features. These points will be very complex when many
feature teams have to modify this code. For those critical points that can not be avoided we
suggest that the project has one person responsible for the code, compared with module
responsibility in Chapter 4.1.

An advantage in using daily build is that the architecture performance and functionality can
be tested in an early stage.

5.4. Requirements Management

Requirements management is influenced differently depending on the organisation of
responsibility.
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There are several disadvantages for requirements management when using module responsi-
bility; e.g., the software engineering group that must analyze all requirements:

* can be a bottleneck slowing down the project
« has insufficient knowledge about the feature
* has insufficient knowledge about the influenced modules

By using feature teams, the requirements management will be handled more inside each fea-
ture team. Normally, a new requirement or a change of a requirement affects only one fea-
ture. There are several advantages in letting the feature teams handling all the requirements
for their feature, e.g.:

e All requirements and changes to requirements for a feature are handled in one
team.

e The feature team has the best understanding of how the requirement will affect
their feature and the plans for its feature.

e The feature team is the most suitable to decide if the requirement can be fulfilled
with the competence in the feature team.

e The feature team can make decision about all smaller changes not affecting the
cost or the lead-time of the project. The project management will only need to be
involved if the cost or lead time is affected.

5.5. Software Project Planning

In the waterfall model with module responsibility, there are three major problems with
project planning:

*  Finding the right scope for the project
* Too many levels in the organisation are involved in the planning
*  Planning focuses too much on modules instead of features

The first problem is to decide the scope of the project - what features to include in the
project. A common problem at this stage of the planning is that the scope is far too big
since the product management is afraid of excluding any features, as there is little chance to
get the feature back in again. Therefore, the first task for the project management is to limit
the scope as quickly as possible to get the project under control, and to be able to start real-
istic planning.

This problem can be addressed by using feature increments [see Chapter 5.1.1]. The idea is
to have a more flexible set of features to work with throughout the project, based on cus-
tomer priority, stability of features, and project resources.

Daily Build - Rapid Development and Control
Swedish Engineering Industries 1999
Sveriges Verkstadsindustrier



For example: when the scope of the project is decided (in terms of end date, total resources
and new features) all features are grouped into four categories:

Very important and stable features (candidates for first increment)
Important and relatively stable features

Other important features

Other interesting features

H w

Features in group 1 is put on a ‘fast track’ through prestudy and feasibility for early start of
execution in the first increment. Features in group 2 are driven through prestudy in the usual
speed. Features in group 3 are given less priority, and only prestudy for complex ones are
started. Features in group 4 are in reserve, and no resources are used on them from the pre-
study project.

Project management can now start preliminary planning of resources based on this group-
ing. This does not mean that the plans will not be changed - they indeed will, but at least
there is a baseline to change.

The scope will change during the project based on the lead-time and resources and there
will be a continuous adjustment of the features. The decisions about the scope will be based
on actually facts comparing resources, lead-time and estimated effort for a feature. By
grouping the features based on importance, it will be ensured that the most important fea-
tures are implemented in an early stage. If the project starts to exceed the cost limits and
lead time, there is now a possibility to postpone features to the next release or decide not to
implement them at all. If all features would be implemented in parallel we would not have
this opportunity, and we have to keep on until all the features are implemented.

This will be a rather complex project environment, where the main project steering mecha-
nism is the current list of features, their status, and estimated completion cost. Delegating
each feature to a team which will have the complete responsibility to develop this feature,
will then make project follow up and replanning much easier. Removing one feature will
affect only one team, and it is easier for different teams to work independently.

The other two problems with the planning in the waterfall model are that too many levels in
the organisation are involved and that the planning is focused on modules instead of fea-
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tures, mainly in the lower levels of the organisation. Figure 8 gives a brief description of one
common way to plan larger projects.

Product
Management
Project
Management

Deciding the scope

Brief plan for each features

Divide the features to the
different sub-projects

Sub-project Plan for
Management each of their
feature
Features
impact on
different
module

Make plans
for their
module

Sub-sub projects responsible for different modules

Figure 8. Project Planning at Different Levels in the Organisation

As we can see in the figure, at least four levels in the organisation are involved in the plan-
ning procedure. The three top levels plan the time and resources for features while the sub-
sub-project plans are made for time and resources for their modules, based on how many
features influence the module. It is often not possible to follow up the actual time spent on
a feature by the end of the project, since the only thing that has been followed up is time
spent on each module. Therefore there is no feedback to the persons making the plans for
the features.

When working with feature teams, the team responsible for the feature can do all the plan-
ning for the feature. This will also make it easier to follow up the actual time spent on the
feature, i.e., providing feedback to the team doing the planning. However, the most signifi-
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cant difference is noticed when a change request occurs. Normally a change request affects
one feature. When using feature teams, a change is “isolated” and visible, i.e. the change
affects only one feature that will be delayed. Since the change can be analyzed and re-
planned by the feature team, the change is under control.

If feature teams are not used, the analysis has to be made by the sub-project responsible for
the feature. Then each module affected by this feature has to be analyzed and re-planned.
Normally this is complex and therefore no real re-planning is made; we just hope that each
module responsible will be able to implement the new requirements as well. Thus the cur-
rent plan for the affected modules will have hidden delays, which usually turn up toward the
end of the increment. This will mean all of the features depending on these modules will be
delayed.

If the project is distributed on different geographical sites, allocating a feature to a feature
team at one site will also allow more flexibility in when we start development of each fea-
ture; i.e., when we have resources (with the necessary competence) at one site, we can start a
feature there, and we avoid all the coordination with resources on other sites that previously
needed to work in a synchronized manner. The feature team will of course need support and
guidance from other sites for products (modules) which they are not familiar with, but this
is less troublesome than having the other site doing the work. The feature team still has to
have the core competence for developing the feature.

Note that our flexibility is not entire, as our resources are not completely interchangeable
even if we use feature teams, thus if we want to replace one feature with another, and the
team intended for the first feature does not have the competence for developing the other
feature, we need to re-allocate people between teams. Thus product management does not
have infinite freedom.

The discussion so far has touched upon how the planning procedure is affected by feature
team. The other two components of daily build - build on a daily basis and automatic testing
- also put new requirements on the planning. Design has to deliver new code to the system
on a daily basis. It is not possible to make a plan detailed enough to specify what the feature
teams have to deliver each day. Instead, it is recommended to have a plan specifying what
each feature team should deliver on a weekly basis. For example a booking system can be
used, where each feature team, at the end of each week, books when to deliver new code
next week. The feature teams then must coordinate their work so that new code is delivered
to the system on a daily basis, i.e., if there are two teams, the first team already checking in
one day, then the next team takes the day before or after instead to check in.

There are no measurements proving that the effort spent on planning when using daily
build and feature teams decreases or increases. However, most people are convinced that it
leads to more effective planning and better plan content.
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5.6. Software Project Tracking and Oversight
This is probably the area that will gain the most benefits from daily build and feature team.

Feature teams are an advantage for project and product management, since it can communi-
cate directly with the feature teams, and also see early versions of the features.

With daily build, the project tracking will be on actual code and feature functionality instead
of documentation and modules. Daily build gives an opportunity to see ‘actual’ progress in
the code instead of estimated progress. Each day you will see what functionality there is in
the system. This can be compared to the feature plan, describing when and what to imple-
ment.

As described above [see Chapter 5.5] it will be much easier to handle changes with feature
teams. Both changes to external groups that relate directly to one feature and changes to the
feature team can be handled internally in the feature team. Each feature team can also follow
up effort, cost and changes to the feature internally in the feature team. Even risks associ-
ated with the cost, effort, and technical aspects should be handled inside the feature team.

5.7. Software Sub-contract Management
There are two different types of sub-contractors:

*  Sub-contractors developing software that many features depend on, e.g., a plat-
form for all the features

»  Sub-contractors developing software related directly to one feature

The feature team approach has no impact on the first type of sub-contractor. The second
type, the one that relates to just one feature, should be handled internally in the feature
team. Thereby the feature team will get closer cooperation and better tracking of the sub-
contractor and the sub-contractor will always get in contact with the right people with the
right knowledge.

The other two components of daily build - build on a daily basis and automatic testing - also
have an impact on how we handle the sub-contractors. The ideal image is that software that
the sub-contractor develops is involved in the builds on a daily basis. However, this requires
very close cooperation and a good relationship with the sub-contractor. Most sub-contrac-
tors are used to a situation where they get a contract defining what to deliver and when. To
succeed with this new requirement to deliver new code on a daily basis, the benefits for
them must to be clear.

Daily build will also imply problems with financial issues. This new way of working requires
the sub-contractors to plan their own projects in a different way than before.
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However, it is recommended to involve the software developed by the sub-contractor as fre-
quently as possible in the builds.

5.8. Software Configuration Management
Daily build requires a modern CM tool that:

»  Makes parallel development practical

* ldentifies common code

* Resolves inconsistence

»  Highlights code conflicts

e Handles version control and track changes

»  Provides possibility to label or ‘tag’ a selected version of the code

In the case of feature teams the baselining of artifacts is very important, i.e. that everyone in
the project at all times know which files exists, and what the latest status of these files are. It
would be rather problematic if I didn’t know that someone else had started on the same
module that the feature | was working on impacted.

5.9. Peer Reviews

Peer Reviews have an important role when using daily build. Peer reviews are the control
mechanism that force the designers to think through the solution before they implement it.
Peer reviews works against too much hacking and that the speed in the project is too high,
i.e. the project can not be controlled.

Peer reviews also have an important role to spread information between the different fea-
ture teams and internal in the feature team.

Peer reviews should be organized so that the module and architecture responsible can con-
trol the relevant artifacts. It is also important to organize the peer reviews so that there is a
consistency in the reviewing of a certain module or document, as the iterative nature of daily
build will mean that many items need to be reviewed several times.
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6 Guidelines for
Implementation of Daily Build

In this chapter it is discussed how to implement daily build in an organisation. It is not an
easy task to implement daily build, since it is a rather fundamental change compared with
the traditional way (waterfall method and module responsibility) to develop software. Daily
build both requires an infrastructure for automatic build and test as well as a change to the
organisation of design, i.e., feature teams. Both the projects and the organisation are
affected by the changes.

6.1. Self Assessment

Before starting the implementation of daily build, it is strongly recommended to do a self
assessment on the current build and test infrastructure. A gap analysis should then be per-
formed, comparing the current situation with the vision of daily build, and to identify what
actions have to be taken.

This self assessment will help the organization to establish a roadmap and a reasonable time
scale for implementing daily build.

We also recommend to use the self-assessment regularly during the implementation to
understand the current status and the progress of the implementation.
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6.2.

Practical Guidelines for Implementation

The implementation guideline is divided into two tracks: one focuses on establishing the
infrastructure, i.e., build and test. The other track focuses on the changes to the organization
of design.

Here we give a rough structure for how to run the improvement effort so it will lead to a
persistent change.

6.2.1.

Infrastructure Track

This track aims at establishing the infrastructure for daily build:

1.

6.2.2.

A modern CM tool (for example Clearcase). The organisation need an efficient
environment to keep track of the different products, and also be able to know
which products are going to be used in the build. Using labels in e.g. Clearcase
makes it easy to extract the correct version of a product for build, while work is
going on in a newer version. A modern CM tool also supports working on the
same products in different branches for later merging.

Automatic and fast build. Most organisations have a semi-automatic process to do
the build, often the companies have the tools to automate each step, but usually
there is a lot of manual work between the steps and for running these tools. This
work is often necessary since the quality of the input is not good enough, therefore
time is used to chase missing parts or to correct faults. Many of these faults arise
because the build process is used so seldom. Assuming that the builds are made on
a daily basis, then these problems will go away, and the builds can be automated to
a larger extent.

Automatic testing. Most organisations have most of the infrastructure for auto-
matic testing in place, but since a test case traditionally is used only once at the end
of the project, this has not been used. With daily build this will dramatically
change, and we see daily build as one of the major driving forces for automatic
testing.

Design Track (Parallel with Infrastructure Track)

The purpose of this track is to change the organization to use feature teams and early cod-

ing.

Awareness building with line and project management about the organizational
impacts, advantages and challenges.

Technical analysis of system and feature structure to understand how feature teams
could be realized.
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3.

Organization of the different project phases, e.g. prestudy, feasibility, design/
implementation and test in feature teams

To motivate the introduction of feature teams, organizations have successfully used the
approach of looking at the advantage for the different stakeholders if we had feature teams
in place; i.e, assuming they had overcome all technical, competence and organizational barri-
ers. They have mainly looked at this from the following perspectives with some of the most
common advantages found:

6.3.

The individual designer will get a more stimulating work environment as he will be
more end-to-end responsible for some customer functionality, and will also get a
better system overview.

The customer will have someone in the organization to communicate with contin-
uously regarding different features, and will see early versions of the features as
they are developed.

The local line organization will have a better chance of building and retaining com-
petence, as people can grow in the complete system knowledge in each organiza-
tion. The line organization can also get an increased business focus, as it can be
responsible for a feature area, not only a subsystem.

The project will be easier to manage as it will consist of self-contained and man-
aged feature teams.

The product unit will have a higher flexibility in where to allocate work, i.e. a fea-
ture can be allocated to the design units where there are resources available, and it
is not constrained by the design unit with most work in their subsystem.

Measurements for Daily Build

To follow up the progress in the implementation, measurements can be used. The measure-
ments will indicate if there is any progress or if alternate plans and actions are required. This
chapter presents one example of a measure that can be used to follow up progress.

The measure is "frequency of successful builds".

Number of working days with successful builds

Total number of working days between
(the first day code is written in the project - last day code is written)
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A successful build must fulfill some criteria, indicating that daily build is used in a correct
way:

» one of these criteria is control of the daily code size. We want the size of the code
that is checked in to be almost the same size every day. If only small pieces are
checked in at the beginning of the project and 80% of the code is checked in the
last week of the project, there is no real use with daily build. This is one example of
how to follow up this criterion:

. :
| daily code size > 0.5 * planned total code size |

planned number of days of coding

» asuccessful daily build verification has to be done; e.g., 65% of the executable test
cases are executed.

» asuccessful distribution of the dump to the ones requiring it has to be done. This
means that it must be easy to handle the dump so everyone that requires it can load
the software dump into their hardware systems for testing.

Each organisation must define their criteria and how it will follow up these criteria. It is
good to have some key indicators to ensure daily build is used as intended.

6.4. Success Factors

These are some of the success factors for implementation of daily build. These success fac-
tors are closely related to the implementation steps described in the earlier chapter.

*  Get commitment for the changes at the highest level in the organisation, i.e. busi-
ness unit level, as it will impact both the project and the organisation.

*  Have a management seminar discussing the impacts of daily build, and to create a
commitment for the changes.

*  Be aware that the implementation of daily build is a long process and will require a
lot of effort.

e Work in parallel with the technical infrastructure, i.e. build and test, and in prepar-
ing the change in the development organization. The implementation of the tech-
nical infrastructure should be one step ahead of the organizational changes.

* Involve someone who has experience from implementing daily build in other orga-
nizations to guide the implementation.
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Since this change will take some time, a steering group on management level is rec-
ommended.

It is also important to have a strategy on how to sell in these changes in the organisation. We
recommended the following eight steps from the book Leading Change [5]. Some of these
steps are similar to the success factors mentioned above:

1.

Establishing a sense of urgency:

- Examining the market and competitive realities

- Identifying and discussing crises, potential crises, or major opportunities
Creating the guiding coalition:

- Putting together a group with enough power to lead the change

- Getting the group to work together like a team

Developing a vision and strategy:

- Creating a vision to help direct the change effort

- Developing strategies for achieving that vision

Communicating the change vision:

- Using every vehicle possible to constantly communicate the new vision and
strategies

- Having the guiding coalition role model the behavior expected of employees
Empowering broad-based action:

- Getting rid of obstacles

- Changing systems or structures that undermine the change vision

- Encouraging risk taking and nontraditional ideas, activities, and actions
Generating short-term wins:

- Planning for visible improvements in performance, or “wins”

- Creating those wins

- Visibly recognizing and rewarding people who made the wins possible
Consolidating gains and producing more change:

- Using increased credibility to change all systems, structures, and policies that
do not fit together and do not fit the transformation vision

- Hiring, promoting, and developing people who can implement the change
vision

- Reinvigorating the process with new projects, themes, and change agents

Anchoring new approaches in the culture:

- Creating better performance through customer- and productivity- oriented
behavior, more and better leadership, and more effective management

Daily Build - Rapid Development and Control
Swedish Engineering Industries 1999
Sveriges Verkstadsindustrier



Articulating the connections between new behaviors and
organizational success

- Developing means to ensure leadership development and succession
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7

Experience from the
Swedish Software Industry

This chapter presents experience from the Swedish Software industry using daily build. The
following companies has been interviewed:

Ericsson UAB; the OTP group

Excosoft

IAR Systems

ABB Automation Products

Telelogic

SAAB Military Aerospace

Ericsson: GPRS development for the BSC
Ericsson: OSS development in MéIndal

The authors also tried to set up an interview with Microsoft development centre in Red-
mond, USA. Unfortunately there was no possibility to perform this interview with
Microsoft. However, we did find out that Microsoft still uses and further develops its daily
build method. For more information about how Microsoft uses daily build see [1], [6] or
http://www.microsoft.com/windows/server/beta/hall/99Jun30.asp.
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7.1. Ericsson UAB; the OTP Group

The OTP group develops Open Telecom Platform (OTP), a development platform for tele-
communication systems. There are few people in the OTP group, for the present 17, with
high competence within the field and they take full responsibility for the whole process;
from specification to the final tests. The OTP group consider this as a fundamental condi-
tion for a well working daily build in their organization

The projects involve designers and people from the integration group. The projects develop
mainly new releases of the existing product. The latest release is used as input to the next
project.

7.1.1. Project Organization and the Daily Build Approach

The OTP group build and test the whole product on a daily basis, i.e. every night the whole
product is built and tested containing new or modified code. The daily builds are fully auto-
mated and are run by the integration team, which consists of three designers responsible for
the configuration and the follow-up of the daily builds. The integration team also defines
what branches in the configuration Management (CM) system the designer should use. Each
designer decides when to check in new or modified code. The daily builds encourages the
designers to check in often and as soon as possible to get the feedback from the test runs.
The most valuable feedback from the daily builds is to observe if changes in one application
have caused some other application (which depended on the first one) to malfunction.

The OTP group are working with two different types of branches, namely the ‘design
branch’ and the ‘release branch’. In the early phase of the projects they only use the design
branch. It is more of a prototyping approach to the daily build and a breaking of the build or
introducing of failures is not so serious. The designers use daily build to test their new solu-
tions. If the designer has made a larger change or like to do an experiment to test a solution
that is not very stable, he can create his own branch, from which the integration team can
build and test the code during the night. Builds are also made for different platforms and the
number of builds made during a night may be up to seven.

The seriousness of breaking the build increases during the project. Later in a project, when
there are about three to four weeks left to the release, the integration team merge over the
code to a release branch. However the designers still use the development branch, so new or
modified code first can be tested there. The code checked into the release branch must be
stable to avoid breaking of the daily build. The merge to the release line is delayed one to
two days after the code is tested in the design branch [see Figure 1].
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Figure 1: The OTP Group Design and Release Branches

The time-gap between the two branches decreases as they approach the release date. At the
end, the two branches are identical.

A code-stop is introduced in the design branch, when the release branch is created. That
means, it is not allowed to add any new functionality to the system The only reason to
implement new or modified code is to correct failures.

When a failure is found in the release branch, the designer responsible has to correct the
failure and test the solution in the design branch before the change is introduced into the
release branch. The design branch can be seen as a bug-fixing branch. At this stage, the inte-
gration group handle potential merging problems.

The final product consists of a number of OTP applications. A change in one application
can force a change in another application, and this is solved by good communication
between the members in the OTP group.

7.1.2. Automatic Testing

The OTP group has progressed well with automatic testing. The group developed its own
test server, i.e., a framework for writing automated tests. The test cases are written by the
designers, and when adding new functionality into the system, the designer also writes test
cases to verify it. Additionally, the integration team writes test cases to ensure the product
has the right functionality. All the test cases are executed each night, both to test the new
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functionality and as a regressions test. The number of test cases executed increases by each
day. At the time of this interview, the OTP group executes about 1700 test cases each night.

The results from the automatic tests are presented as a set of linked HTML pages where one
can see summaries, lists of test case groups, log files of fault reports, and links directly into
the source code where a test case failed. The integration team is obligated to report and fol-
low up all failures.

When running a daily build the failures can be caused by improvements in the daily build
script itself, the script configuration, disks that are full, bugs in the test server program, and
other problems. The designers are not responsible for these things, so sending mails to them
automatically (a practice discussed in the beginning of this report) can create a risk that the
fault reports are ignored since they rarely handle real bugs. An exception from this is the
build of documentation; the person responsible gets e-mails daily from the build.

The product that the OTP group develops supports many different operating systems and
operating system versions. The designers mainly do the coding and testing on Solaris Sparc.
However, they must ensure the functionality on other operating systems as well. Thanks to
the daily build process, designers can test their product on different operating systems in an
early phase. This saves them a lot of time.

The OTP group also builds all of the documentation on a daily basis. The sources are
SGML, GIF and Postscript files. From these sources, they generate the documentation as
HTML pages, Unix man pages and PDF. The nightly tests also check that all the Unix main
pages can be viewed, as well as for broken HTML links and any files that are never refer-
enced. The results from these tests are sent automatically to the person responsible for the
documentation.

Besides automatic testing at OTP, some customers do Beta-testing on the product.

7.1.3. History

When this report was written, the OTP group was the company that had developed the
most automatic process to build and test on a daily basis. Considering that they only have
been using the daily build process for four months at the time for this interview, OTP has
achieved a very fast introduction of the concept. The designers had a good starting point,
however, since they have been using automatic testing for some time.

The OTP group also thinks it is important to realize that the daily build process will not be
perfect. Therefore, one person will be pointed out to be responsible for continuous
improvement of the build process and to take care of feedback from designers.
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7.1.4.

Benefits and Hindrances

The main benefits that daily build has given the OTP group are:

Possibility to perform regression test

Possibility to test on different operation systems
Stability in the product

Aid to a designer

The building and checking of the documentation give more time for focusing the
content

Smoother integration and shorter integration time
Intermittent failures or failures on specific platforms can be found and solved early

The OTP group still has some minor tasks to overcome before their daily build is totally

perfect:

The amount of test set-ups increases dramatically with the number of supported
operating systems, different versions of the same operating system, different hard-
ware, different virtual machines used in the product, product versions, and patched
product versions. To fully cover all combinations much more hardware is required
than what is available now.

The daily follow-up on failed test cases, build problems, and other issues is time
consuming. It means that the integration team must use some time to check the
results; nevertheless, the overall saving of time is greater.
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7.2. Excosoft

Excosoft is a software manufacturing company that develops a literate programming editor.
Literate programming is a developmental approach that combines code and documentation
in source files. Excosoft's internal projects are largely dedicated to the development of new
releases of this software. The most recent release of the software is input to the next project.
There are approximately four external customer releases per year. Between these external
releases there are a number of internal releases. Each project involves about 14 designers
and lead time is 2-4 months.

7.2.1. History

Excosoft has used the daily build approach since the company was founded, the company
has thus more than ten years of experience using this method and cannot conceive of using
any other. The reason that Excosoft pioneered the daily build approach is to be found in the
very nature of the products they develop. Daily build is a natural solution when developing
applications with a pronounced customer focus. During the ten years Excosoft has utilized
the daily build process one major change has been implemented: the company now works
with files in parallel using a proprietary CM tool. In the early days development was carried
out sequentially and designers were compelled to wait on each other.

There is one aspect of the daily build process at Excosoft that is problematic: it is difficult to
apply automatic testing routines. Excosoft is evaluating solutions that will remedy this defi-
ciency.

7.2.2. The Build Process at Excosoft

Each designer at Excosoft normally initiates a whole or partial system build more than once
every day. Since building the system only takes about 5-60 minutes (depending on the plat-
form) there is no need for any dedicated integration group and the designers themselves are
responsible for the individual builds.

The build process can be broken down into four separate steps:

1. The designer creates a private branch line from a frozen version of the current sys-
tem on the main development line.

2. He then edits the file/files designated for change in a working version of the pri-
vate branch. The private branch is then compiled and tested.

3. If the compilation was successful the designer then attempts to merge the branch
version back into the main development line.

4. If the merge is successful the modified code will be included in a new frozen ver-
sion on the main development line and will be included in the next internal release.
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Excosoft utilizes opportunistic locking when designers work with the same file in parallel on
the same development line. There are two notorious problems associated with working in
parallel on the same code line or in temporary branch versions. Excosoft has solved both
these problems.

The first problem is that designers dislike other designers meddling with their code. The
second problem is that it can be difficult to understand code written by others, usually due
to lack of documentation. Excosoft has fostered a company culture that promotes collabo-
rative working and emphasizes the importance of documenting code. Documenting the
code is more important than performance and quality since these latter can be improved if
the code is easy to understand.

This culture fits well with the product that Excosoft develops, namely an editor that sup-
ports literate programming. This tool, working within the in-house company culture ensures
that problems encountered when designers modify code written by others are minimized.

Another interesting feature of the Excosoft daily build process is the "do not merge" flag.
This flag is set by a designer carrying out a substantial change in a branch version, e.g., a
total redesign of part of the system. The flag is set on individual files in the main develop-
ment line and will prevent other designers from merging in other branches containing
changed versions of these files.

Software modules written by sub-contractors are also incorporated in the Excosoft daily
builds since the daily builds reproduce the whole system.

7.2.3. Test Strategies

Because of the very nature of the software product developed by Excosoft it is difficult to
implement automatic testing routines. It is hard to write test cases that address the function-
ality of a literate programming editor. For example, when the editor produces Postscript files
it is impossible to verify the result automatically as the files may vary through time and still
be correct.

This type of problem is solved by involving the whole company in the testing process. There
is a high frequency of internal program releases which are distributed throughout the com-
pany. All staff members use the latest internal release in their daily work (with the exception
of early, instable releases that are tested by the designers themselves). As projects start off
from the previous release designer testing is completed early on, and as the whole company
progressively becomes involved in daily testing it becomes a sport to find faults. A salesper-
son, for example, will be excited if he or she finds a fault that the designers have missed. The
collaborative aspects of the company culture are reinforced: everybody is involved and
everybody is responsible for the quality of the product.

Excosoft partners also participate in this testing.

Daily Build - Rapid Development and Control
Swedish Engineering Industries 1999
Sveriges Verkstadsindustrier



When a fault is discovered a fault report is written. This report contains a detailed descrip-
tion of what went wrong and the editing context in which it occurred. It is essential that it
be possible to reproduce the failure. Faults are collected in lists. If the person who detected
the fault knows who is responsible he may contact the designer responsible directly. Design-
ers monitor the fault lists and correct faults that fall within their particular areas of responsi-
bility. The fault lists are also used to collect improvement proposals. Corrected faults and
introduced improvements are moved to another list which also contains links to the modi-
fied code.

Excosoft products run on several platforms. Excosoft personnel use these different plat-
forms in their daily work to ensure that cross-platform testing is effectively carried out.
However, as it is not possible to include all supported platforms in these daily test routines a
period of two weeks is reserved prior to the external release. During this test period the
main focus is on non-typical platforms. Development at this stage is limited to fault correc-
tion and code reviews of all modifications.

Designers perform a basic functionality test prior to merging new code into the main devel-
opment line. This testing is ad hoc, and its extent depends on the magnitude of the change
introduced.

7.2.4. Project environments

Excosoft is a small company engaged in small-scale projects and does not require a formal-
ized development process. The only documents produced in-house are customer manuals,
project specifications and project follow-up reports. Code documentation is intertwined
with the code itself following the precepts of literate programming. Thus the code docu-
mentation itself is rebuilt on a daily basis.

Project responsibilities are distributed among designers according to the technical function-
ality of the system., i.e., a particular designer may be given overall responsibility for the func-
tion that generates Postscript files. The problems of interfacing functions owned by
different designers are solved by direct communication. This is straightforward as projects
are small-scale. The problem of delivering consistent code to the builds is also solved via
direct communication.

7.2.5. Advantages and disadvantages
The advantages of the daily build approach at Excosoft are:

e Increased project control
e Quality is built into the product over a long period
»  Designers are highly motivated
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Excosoft has not experienced any disadvantages using the daily build approach
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7.3. |AR Systems

IAR Systems develops software development tools, i.e., C compilers, for a wide variety of
embedded micro-controllers. The development at IAR Systems is divided into two depart-
ments:

e Core Technology Division
»  Target Projects Division

All AR Systems products are built on a number of common components that are reused in
all projects. The Core Technology division is responsible for maintaining and modifying
these common components and the Target Projects division is responsible for developing
new products based on the common components. The divisions use different types of
development processes.

This part of the report focuses only on the Target Projects division of IAR System since this
is the group working with daily build.

The projects running at the Target Projects division are rather small, with two to three
designers each. The lead times of projects are between 12 and 15 months. About 85% of the
code in the products consists of code from the common components that are reused from
earlier products.

IAR Systems did not fully use daily build at the time of this interview. However, they been
using automatic testing for a long time. Since the company is considering implementing
more from the daily build concept this report about IAR Systems captures the organiza-
tion’s experience from automatic testing and how they plan to tailor daily build to their
development.
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7.3.1. 1AR Systems Development Process

The IAR Systems development process is similar to the waterfall process. It is divided into
five main steps [see Figure 9].

Requirement
Specification

Design /A—-\

| Implementation & Test )

P
Daiy Bud

System
Test

Figure 9. IAR Systems Development Process

In the later part of the implementation-test phase, IAR Systems starts to use daily build and
automatic testing [see Figure 9]. In this phase, they mainly correct failures; i.e., little new
functionality is added.

Since the projects at 1AR Systems involve only two to three designers each, and every
designer owns his own code, a designer does not modify code written by another designer.
Furthermore, it is not stated anywhere in the process that designers must use daily build. It
is up to the designers to decide when to do a build and test. Usually, they do it a couple of
times per week in the later stage of the implementation-test phase. The designers do the
build and test themselves, making it easy for them to handle the daily build loop - they do
not need a process for handling it.

The reason the daily build loop starts so late in the project depends on two things:

e The reused code is not consistent in the earlier stages

e The new implemented functionality is not implemented in any defined order,
therefore it is not consistent and no test-cases exist

The principal result of these two problems is that IAR Systems does not get any consistent
code to test until late in the implementation-test phase. The code has to be consistent to do
any testing of the functionality, but at IAR Systems, where about 85% of the code in each
project is reused from earlier projects, this code is not consistent. There are no dummies to
simulate those parts of the code that are not yet implemented.
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The problem with new implemented code is that there is no defined order for the imple-
mentation. All the new products that are developed at IAR Systems are similar; i.e., the
functionality that is to be implemented is often the same, but developed for different chips.
Each project starts to implement this new code in a different order, meaning the project
does not follow any defined order for what sub-functionality to implement first. Sub-func-
tionality can be implemented in various sequences [see project A and B in Figure 10]. Since
the new code is not implemented in any defined order, each project has to write specific test
cases and these test cases cannot be reused by other projects. It costs too much to write test
cases when they cannot be reused in other projects, so no test cases are written for the sub-
functionality and thereby no automatic testing is used on the sub-functionality.

New Code New Code New Code

l /IS

| |
Features '
| T - )
Reused code Reused code Reused code
Project A Project B Project C

The black boxes are code implemented so far

Figure 10.  Examples of how to Implement the new code

If they implement the new code divided over many features, as in project C in Figure 10,
they will also have the problem that the new implemented code will not be consistent.

7.3.2. 1AR Systems Automatic Testing

IAR Systems has used automatic testing for about 7 years - a considerable amount of time,
but this is because of the type of product they develops. All C compilers must fulfill stan-
dards and in order to confirm that they do, test packages are available. Purchasing these test
packages means one also receives a simple test engine that executes the test package auto-
matically.

IAR Systems started automatic testing with such a test package and test engine. Today the
company has built its own test engine and develops new test cases when implementing new
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functionality. Now AR Systems has a large number of automatic test cases that all take
about a week to execute. All of the test cases are executed just before the project enters the
Beta-test phase.

When AR Systems uses automatic testing in the daily build loop, not all test cases are exe-
cuted. It is up to each design team to decide what test cases to include in the automatic test.
Usually designers execute the most common use cases, as well as the use cases where they
optimize the compiler as much as possible (i.e., the most complex use cases for the com-
piler). In the daily build loop, the designer also adds new test-cases after adding new func-
tionality in the system. If these new test cases are common for all compilers that IAR
Systems develops, they are stored together with the rest of the test cases and executed in the
larger test prior to Beta-test.

When a designer wants to execute the automatic test on his product he does this on his own
computer. Upon completion of the test, the test engine generates a text file with the feed-
back from the test.

IAR Systems has one person responsible for the test engine and the common test cases.

7.3.3. Gaining Benefits from Daily Build in IAR Systems’ Development Pro-
cess

IAR Systems has the ambition to shorten its lead time. Therefore the company wants to
start using the daily build loop at an earlier stage. To be able to do this, IAR Systems must
produce consistent code earlier in the project.

As described above, AR Systems has encountered problems with consistent code - both for
the parts that are reused and for new code. For reused portions, the company intends to
build dummies to make this code act in a consistent manner.

To solve the problem with new implemented code, the organization wants to develop a
model describing the order in which the sub-functionality will be developed. By doing this
designers can also write common test cases that can be used in many projects to test the
sub-functionality. As a result, IAR Systems will be able to do automatic testing on the sub-
functionality.

If IAR Systems succeeds in combining these two solutions, designers should be able to
develop consistent code much earlier, thereby enabling earlier use of the daily build loop.

The major benefits that IAR Systems expects to gain by using daily build earlier are:

e Shorter lead time
»  Better tracking of progress in the project
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*  Higher quality
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7.4. ABB Automation Products

ABB Automation Products (in this chapter referred to as ABB APR) develops automation
products and systems used for protection and control in industrial plants.

7.4.1. Product Structure

The structure and architecture of the ABB APR products must be known in order to under-
stand how ABB APR applies the daily build process. This chapter provides a brief descrip-
tion of the systems that ABB APR develops and the architecture of these systems.

ABB APR develops several products, and applies daily build on the product level; therefore,
this part of the report will focus on the development process for products.

The products contain a number of functional sub-systems (FSS) which in turn contain a
package of features. The products are developed by combining these FSSs. In this way, the
FSSs can be viewed as components.

In general the ABB system consists of clients, servers, controllers and field equipment con-
nected by networks as shown in Figure 11. Functional subsystems can consist of function-
ality in all of these nodes. The figure is simplified and describes a general view of an ABB
APR product and the functional sub-systems.
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Intranet
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Functional =
Sub-system H |
I \\ : S |
| |
;’CﬁntTolTer_ - "_: |l
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/ol "TJ1—-—— - J"\ Functional
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Q! ; N Field Equipment
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Figure 11. A General View of a ABB APR Product and the Functional Sub-
systems
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7.4.2. Project Organization and the Daily Build Approach

When a new product is to be developed, a Product Project is initiated. The Product Project
is responsible for building the product (by combining the FSSs), documentation and mar-
keting, as well as other projects tasks. The relationship between the Product Project and the
FSS-projects can be seen as a prime/sub-contractor relationship.

Together with the market division, the Product Project writes a requirement specification
for the new product. This results in one requirement specification for each of the FSS-
projects that will deliver to the Product Project. Customer requirements on FSS level are
also identified by the FSS teams themselves. Based on the requirements collected, a plan for
the project is made that states when and what the FSS teams are to deliver to the product
project.

Daily build is used by the Product Project, which builds what FSS-projects are delivering on
a daily basis. The Product Project is divided into several of sub-projects. One of these is the
integration project responsible for the integration and the daily builds. The Product Project
does not develop any software itself; however it builds the system from the software devel-
oped by the FSS-projects. Each FSS team reports to the Integration sub-project responsible
regarding what files to include in the daily builds [see Figure 12].

Product Project

Builds daily
Report what to
include in the
daily builds
Functional Functional Functional Functional
Sub-system A Sub-system B Sub-system C Sub-system X
project project project project

Figure 12.  Relationship Between Product Project and the FSSs

This approach is similar to that of a smaller project using an integration group.

At the beginning of the Product Project, the integration group builds twice a week. The
build frequency increases so at the end of the project builds are made more than once a day.

To make this approach work, the FSS-projects must deliver consistent code. ABB APR has
solved this problem by combining feature responsibility with proper planning.
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One team is responsible for each of the FSSs. The leader of the FSS team has the final
responsibility for all the features in the FSS. The team leader delegates this responsibility so
one person is in charge of each feature in the FSS; this means one person is responsible for
each end feature in the FSS. This person must coordinate to ensure that consistent code is
delivered.

Generally, all the code for a end feature is developed by one FSS team. In this case, it is not
a major task to coordinate and deliver consistent code, but if the feature goes cross-func-
tional over multiple FSSs, the situation becomes more complicated. It is the person respon-
sible for the feature that must coordinate with the other FSS projects to ensure delivery of
consistent code. The person responsible for the end feature usually works in the functional
sub-system team that affects the feature most.

The work of the feature responsible is facilitated by a Feature Plan formed in the beginning
of the project; the plan specifies when different features should be delivered, as well as short
term plans made each day that determine what features to include in the builds two days
ahead.

ABB APR tries to handle external sub-contractors in the same way as the FSS projects, but
it is difficult to persuade an external sub-contractor to deliver code on a daily basis. Never-
theless, ABB APR tries to involve the code from sub-contractors as often as possible.

7.4.3. The Merging Process

The FSS teams owns the Main Code Line for its FSS which means that the Product Project
does not have its own Main Code Line, but the project is informed of what code to include
in the builds. The project is also responsible for saving the old builds so they can be re-cre-
ated.

Each FSS contains a number of modules and files. These modules and files are owned by
the FSS team and no other team modifies that code. Each file in the FSS has a person
responsible for the file, and normally this is the only designer who modifies this code. If a
designer has to modify something in a file owned by another designer, this is coordinated in
order to ensure that not more than one designer modifies the same code at the same time.
This coordination significantly reduces merging problems, eliminating the need for a well-
defined merging process.

7.4.4. Test Strategy

When the FSS team members inform the integration group what to include in the daily
build, they also tell the group about new functionality implemented in the product and what
test cases the test group should use to test the new build. The FSS teams execute some test-
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ing themselves before allowing the code to be used in the daily builds. They do this to
ensure that their new code will not break the build and has the right functionality. The FSS
teams use old builds when executing this test.

When a build is successful the integration group brings together people from the Product
Project that can do the testing. The testing team executes the new test cases and some old
basic test cases as well as a small amount of regression tests. The test cases executed to con-
trol old functionality are few and chosen in an ad hoc manner. ABB APR does not use more
regression testing since it does not apply any automatic testing that would require extensive
effort.

When the Product Project has achieved a stable quality in the builds, ABB APR enters a
more elaborate test phase called Product Test, where the test group executes all the test
cases for the product. In Product Test, daily build is still used, but no new functionality may
be added. It is only allowed to modify the code to correct failures.

After the Product Test ABB APR performs System Test. At this point the functionality in
the entire system, together with other systems, is tested.

When a failure is found during testing the test group writes a fault report, identifies the FSS
team responsible for the failure, and reports the failure to the team.

7.4.5. History

At ABB APR it was never clearly stated that the organization should use daily build. Instead,
the demand came from the projects that felt that something must be improved.

Daily build was first used in a project that had been working with specifications for over a
year. The persons working in the project felt nothing was happening, and that they needed
to do something about the lack of progress. They started to write code instead of writing
specifications. The 10-15 persons in the project worked closely and started to discuss and
implement use cases. By this time, a decision was made to use FSSs as the basis for the sys-
tem architecture. Group members began to see progress in the project and they started to
focus on the right problems instead of assumed problems. After working with this approach
for some time, the group had implemented prototyped functionality of the system. How-
ever, the structure of the software in the prototype was not sufficient, and the group was
forced to rewrite the code with a better structure. Even with this setback, project members
are convinced it was very helpful for them to start code in an early phase.

The next step was to implement the code in the different FSSs in parallel. This method
brought no progress so the designers decided to integrate the whole system - and discovered
that they had major integration problems. They also discovered that they had been solving
the same problems at different places and that communication between teams was insuffi-
cient. After this the teams decided to build on a more regular basis.
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The next step was to define “missions” for the project. This was a plan presenting what
functionality to include the next time the system was integrated. At this stage designers built
the system once every four weeks and soon they realized that this was good for the project
and that it kept up the pace. As a result, they started to integrate the system more frequently
and introduced the integration team that was building the system and gave feedback to the
designers.

However ABB APR has not fully implemented all components of daily build since they still
use a lot of manual testing.

7.4.6. Benefits and Hindrances
The major benefits ABB APR has gained from daily build are:

»  Provides a high pace in the project

»  Better tracking of the progress in the project

e Better communication and cooperation between the FSSs
»  Focus on the right problems

»  Failures are found earlier

Daily build has changed the status of the code. When using the daily build, the code is the
most important part while the design documentation is not that important any more. This
means the design documentation must not possess the previous level of detail any more.

The main hindrance they have had when implementing daily build was to create a good
model for how to do the integration automatically.
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7.5. Telelogic

Telelogic develops software tools that provide a graphical development environment for
communicating real-time applications, such as telecom applications.

The projects that Telelogic runs involve about 35 designers, 10 subcontractors, and 10
testers. The projects mainly develop new releases of the existing product. The latest release
of the product is used as input to the next project, and the lead time for the projects is about
nine months.

7.5.1. Product Architecture

Telelogic develops a package of software tools called Tau that contains the three products:
ORCA (analysis), SDT (design and implementation), and ITEX (testing). These cover the
major parts of a development process. Each of these products contains commercial off-the-
shelf software tools developed by Telelogic, e.g., SDL Editor, SDL Analyzer, and SDL Code
Generator, and these are integrated into Telelogic Tau.

Figure 13 illustrates the physical view of the architecture of Telelogic Tau. The central part
of Tau is a postmaster working as a client-server, handling all the communication between
the different tools in Telelogic Tau.
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MSC
Edltor Editor SDT

ITEX e ™
/~ TTCN "\ Q Q /OSDL Editor
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Q// \O SDL Code
Code - ~ Generator
Generator \ /
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Figure 13.  General View of the Telelogic Tau Architecture
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7.5.2. Project Organization and the Daily Build Approach

Telelogic combines incremental development, weekly build and daily build in its develop-
ment process, i.e., they build regularly with three different frequencies [see Figure 14]

Input: High level
Requirements

\ Construction
Req. Analyses (Design, Implementation, Module test)
A
~
Increment 1 Intermediate
Deliveries
lIncrement 2
Daily builds

N Increment X
Weekly Builds

|
|
|
|
|
Test group
{ System L L

test Acceptance test

Figure 14. A Simplified Description of Telelogic’s Development Process

It is the products that are built both on a daily and a weekly basis [see Figure 13]. However
the daily and weekly tests are performed on the tool level. The only difference between the
daily and the weekly approach is the scope of the testing (more information is available
about this in the next chapter).

The builds are made by the Configuration Management Group (i.e., integration group) that
includes two persons. The group uses ClearCase to generate the entire software product
from the code in the main code line. It is up to each designer to check in new code to
include in the build. The designer checks in code once it compiles without any problems and
the designer thinks the code is free from bugs.

The Configuration Management Group works with a configuration management plan; how-
ever, this plan is not so detailed that it guarantees new functionality or code is included in
the builds every day. Theoretically designers can build the exactly same system more than
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one day in a row. But in practice several check ins are done every day, and only some code
parts are normally built with no changes since last build.

The code has to be checked in before 16.00 on Thursdays to be included in the weekly
build. Then the integration group does the weekly build. If any problems arise in building
the system - i.e., it could not be compiled - the person responsible must fix this the follow-
ing Friday morning. Then the build is made again and distributed to the test group.

Telelogic applies a hierarchical responsibility: one person or team is responsible for each
tool, one person or team is responsible for each module in the tool, and one person is
responsible for specific functionality in a module. For example, one person is responsible
for all editors, and one is responsible for each of the editors (such as the SDL editor or the
MSC editor).

Telelogic also assigns persons responsibility for interfaces between tools. No one, except for
the interface responsible, is allowed to make changes in the interface.

The company recently named a person responsible for the architecture in the system.

Telelogic is not required to deliver consistent code to each daily and weekly build. Since the
company performs only module test in the daily and weekly test, it is first after the incre-
ments that the features in the system are tested. Ensuring that consistent code is delivered to
each increment is done by planning what functionality to include in each increment.

7.5.3. Automatic Testing
The builds made on a daily basis are tested by the designers themselves.

The amount of test cases automatically executed depends on the tool that is to be tested.
Some tools, such as SDT analyzer and SDT Code generator, have a large amount of auto-
matic testing while others, e.g., the editors, have a very limited amount of automatic testing.
The reason is that it is difficult to perform automatic testing for editors possessing a high
degree of editing, since it is not easy to compare the actual outcome with the expected out-
come. Implementing automatic testing on the editors is the major hindrance that Telelogic
must overcome to apply daily build on all its products.

It is up to the designers to decide what test cases to execute on the daily build. Usually, the
designer chooses some test cases to test the new functionality in the tool and some for
regressions test. It is also up to the designer to write new test cases when adding new func-
tionality. Faults found in the daily tests are printed in a logfile.

The builds made on a weekly basis are tested by the test group. The tests performed on the
weekly build are much more extensive than in daily testing. In the weekly test, all faults
found by the test group in the weekly tests are reported directly to the designer responsible.
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After a successful weekly build and test, the build is delivered to the whole company. It is
then used by the designers to test the functionality in the new implemented code. The build
is also used by persons writing manuals to verify that the product executes as described in
the manuals.

The system tests after each increment are performed by the test group. The test is made as
black box test and the features in the system are tested, i.e., functionality that uses many
tools are tested. The test is very accurate and the idea is that after this test, the increment can
be delivered as a product. This test is carried out on code that is frozen when the increment
is delivered. This means if a failure is found during this test it has to be corrected both in
this code line and the code line that is used for the next increment.

The whole product family, i.e., the interfaces between the products, is also tested in the sys-
tem test after each increment.

7.5.4. History

Telelogic started to use daily build one year ago. The first ideas came from a project working
with the SDL Analyzer. The company already had some automatic testing and had realized
the importance of early test. The idea spread in the company and soon it was introduced in
all the projects. At the same time, ClearCase was introduced as the CM-tool at Telelogic.
This made it possible to handle the CM of the files in the structured way required by daily
build.

7.5.5. Benefits and Hinders
The major benefits that Telelogic has gained from daily build are:

*  Failures are found earlier - fast feedback
e Better tracking of the progress
»  Higher flexibility

Telelogic has one potential problem with its adoption of daily build. Since it is the weekly
builds that are used by the designers for testing and prototyping their new implemented
functionality, designers do not use the latest versions from the other teams. The reason they
do not want to use the latest versions is that they cannot be sure that these are stable.

For example, the following scenario involves two teams: Team 1 is working on Tool 1, and
Team 2 uses Tool 1 when prototyping the functionality in Tool 2.

Week 1. Team 1 is working on Version 2 of tool 1. Team 2 uses Version 1. Team 1 does not
include Tool 1 in the weekly build.
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Week 2: On Monday, Team 1 is finished with Version 2 and starts developing Version 3.
Team 2 is still using the build from last week, i.e., Version 1.

This can cause problems when Team 2 tests its functionality in the newer versions of Tool 1.
However, it is not a major problem, and it can be solved with good planning and effective
communication between teams.
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7.6. SAAB Military Aerospace

Interviews were conducted with two different departments in SAAB Military Aerospace.
Neither department uses daily build. However, both departments make regular builds of
their products. This report about SAAB will capture how the departments make their regu-
lar builds and what focus they must have to implement the daily build concept completely.

In some areas this part of the report is divide for the two departments; in some areas the
two departments are described together. The two departments are:

*  Gripen systems.

Projects at this department involve around 50 designers. Gripen Systems works
with incremental development and the lead-time for a increment is approximately
12 months. Gripen systems delivers to the customers approximately once every
second year.

e General Military Programs.

Projects at this department contain about 10-15 designers and the lead-time
between internal releases is approximately 3 months. The lead-time between deliv-
eries to customer is approximately 1-2 years.

Both departments develop software for military aircraft, but for different types of aircraft.

7.6.1. Physical View of the Product Architecture

The physical view of the product architecture is similar for both systems. It contains a num-
ber of Computer Systems (CS) that communicate [see Figure 15]. Each CS handles different
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tasks, for example there is one CS handling the flight control system, one handling the dis-
play system, one for the radar system and so on.

Flight
Control
CS

Radar
CS

Central
cs | — — — "

Display
CS

Figure 15.  The Physical View of the Architecture

SAAB develops the central CS and some others CSs. The rest of the CSs are developed by
sub-contractors or partners.

7.6.2. Gripen System’s Development Process

The projects at Gripen system are mainly developing new releases of the existing product.
The latest release of the product is used as input to the next project. Each new release of the
product is divided into a number of increments that are sometimes executed in parallel.
Each of these major increments are handled as a sub-project. Later increments handles new
features and correct failures from the earlier increments [see Figure 2].

| Increment 1 |

Failures that need to be corrected

New Features —— | Increment 2 |

Failures that need to be corrected

New Features —» | Increment X |
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Figure 16.  The Projects are Divided into Increments

Each increment follows the development process [see Figure 3]. Each sub-project divides
their major increments into smaller increments (increments of the increment) [see Figure 3].
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Figure 17.  Gripen System’s Development Process used for each Increment

During the functional definition phase the project decides what functionality should be
implemented in this increment (requirement specification). In the change definition phase,
change requests from earlier increments are analyzed and it is decided if they should be han-
dled in the current increment. Gripen System is working with two different lines of code,
the working line, where all new code is implemented, and the verification line where all the
functionality is verified. As shown in the picture the work line is executed in parallel with the
verification line during the later phases. Needed corrections because of faults or require-
ments to support the flight test are first implemented in the work line and then merged over
to the verification line.

When the increment is finished it is delivered to flight-test, where it undergoes additional
testing. This might be an iterative process where flight-test finds failures and report them
back to the project, the project then corrects the failures and deliver the updated result back
to flight-test. Once the last increment, increment X in figure 16, is finished and tested in
the flight-test, the product is delivered to the customer.

Eighty percent of the lead-time for each increment is spent in the design-implementation
phase and the implementation test phase. These two phases can be seen as one phase since
design, implementation and implementation test are performed iteratively. During this
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phase, the system is built regular. In the beginning, the system is built on a weekly basis
(once per week). The frequency of the builds increases during the project, and at the end of
the project the system is built on a daily basis. The different increments are well defined,
regarding functionality and end dates. But no rules or policy is established for when to build
the system or how often to build the system during an increment or what functionality to
include in the different builds during an increment. The individual designers decide when
their new code should be included in a build. Designers who want a build containing their
new code check in their code, coordinate their delivery with other designers (if necessary),
and contact the group building the system. Before the code is checked in, the designer has
to verify that his new code compiles and pass own module test. The build group consist of
two persons.

The builds at this phase initially only includes the CSs developed by Gripen systems. During
the implementation test pre-deliveries from sub-contractors and partners are often included,
but not in a formal way. The CSs that are developed by sub-contractors and partners are for-
mally involved during the System Integration Test. To be able to cooperate with the sub-
contractors and partners CSs in the builds, the interface and the communication between
the CSs has to be well specified in an early state. Changes to the interfaces has to be syn-
chronized in both ends.

7.6.3. General Military Program’s Development Process

The projects at General Military Programs principally develop new releases of the existing
product. The latest release of the product is used as input to the next project. They have the
same phases in the General Military Program’s process as in the Gripen system’s process.
However, small differences can be seen in how the two groups perform their regular builds.
The General Military Programs department also works with two different code lines, the
work line and the verification line [see Figure 18]

Build Build Build Bulild Build Build  Build

Work line | | | | | | >
Build Build I Build
Verification line —— Internal Interna —— Internal .
Delivery Delivery Delivery ~ Delivery
to Flight- to Flight- to Flight-
Test Test Test customer

Figure 18. General Military Program’s Work line and Test line

All new functionality is added in the work line. The verification line is created about a
month before a delivery. No new functionality is added to the system in the verification line.
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In the verification line, they perform more comprehensive testing and correct failures.
When the verification line is created, work on the work line continues in parallel.

Regular but very informal builds are used at the work line. It is up to each designer to decide
when to do a build and what to include. Designer does the build themselves, i.e. there is no
build group. The builds are personal, so there is no common build of the system that many
designers use. Each designer that needs a build must make it personally.

7.6.4. Testing Strategy for Gripen Systems and General Military Programs

This chapter describes the testing strategy for both Gripen systems and General Military
Programs.

At the time of this report, testing of the regular builds during the implementation phase is
done in an ad hoc manner. After each build, each designer that checked in new code for that
build receives a copy of the build (or designers make the build themselves, in the case of
General Military Programs). Then the designer has to load this build into the simulator and
perform the testing. The testing in the simulator is not automatic - the designer has to exe-
cute test cases manually. Not all builds are tested, some of the builds are done just to check
that the system links and compile without failure. As mentioned before, CSs developed by
sub-contractors are not formally included in the builds during the implementation test
phase. However, the builds are tested in the simulator against CSs developed by sub-con-
tractors. The CSs in the simulator are often earlier versions of the CSs and not the versions
that the sub-contractors are developing at the moment. The testing against older versions of
the CSs make it possible to ensure some of the functionality of the whole system.

In the system integration test phase the test group starts to handle the testing in a more
structured way. No automatic testing is used in this phase either, but some regression testing
is performed at this point.

The main reason that SAAB do not have any automatic testing is the type of application the
company develops. The majority of the testing is done in a simulator and therefore must be
executed manually.

7.6.5. Applying Daily Build in SAAB Military Aerospace’s Development
Process

To apply daily build effectively, SAAB Military Aerospace has to change two major things in
the way it produce software:

* Find a way to deliver consistent code to the builds, including how to involve the
sub-contractors
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»  Tailoring the build process in an other way.
e Start with automatic testing

The first problem is to structure the build process, and two aspects are important here. How
to deliver consistent code internally to the builds and how to involve the sub-contractors.
First Saab must create some policy regarding when to build, so the system will be built regu-
larly. This task also includes exploring how to deliver consistent code to the builds. Today
Saab works with module responsibility and it is rare that designers change or add code in
other designers’ modules. Two different methods are available to handle the code consis-
tency problem: start to use feature teams that coordinate what is delivered to the builds, or
keep on working as today, letting the persons responsible for the modules, plan and coordi-
nate when and what to deliver to the builds. The way they works today requires regular
meetings and a lot of coordination. If the projects grows, in number of designers and func-
tionality, it might be hard to handle the required coordination, without implementing feature
teams.

The second aspect involves the sub-contractors. Since major parts of the system are devel-
oped by sub-contractors, SAAB has to involve the software developed by the sub-contrac-
tors in the builds as regularly as possible. Otherwise the company will lose some of the
advantages with daily build.

The second problem is the automatic testing. If SAAB does not have any automatic testing
it will cost to much to follow up and test the builds. SAAB has started to look into how they
can start using automatic testing. Saab plans to introduce the automatic testing in a stepwise
manner. Today they use the automatic testing on modules, i.e. black-box testing. Next step
will be to integrate modules into functional sub-systems and introduce automatic testing on
those sub-systems. The last step will be to introduce automatic testing on system level
involving the flight simulator.

The major benefits that SAAB expect to gain if they start to use daily build in a more struc-
tured manner are:

e Find failures earlier
*  Find integration problems earlier
e Shorter lead-time
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7.7. Ericsson: GPRS Development for the BSC

The General Packet Radio Service (a faster access to the internet from a mobile phone)
requires some changes in the BSC (Base station controller) node in the GSM network. The
project implementing these changes have used daily build.

7.7.1. Organization

As with many other Ericsson projects, this project is also distributed over several sites. The
project is led from Link&ping, but design is also done in centers in Karlskrona, Héssleholm,
Ireland, and the UK. The project is developing a limited part of the BSC system which is
rather self-contained, and it can be tested in isolation. The part of the system developed is
new, thus it has no design base. The overall GSM project has planned three larger deliveries
for integration and testing on the complete GSM network level.

Each design center is responsible for a set of files; each center performs all work with its
respective file set.

7.7.2. Construction Planning

The GPRS project relies on a rather detailed construction plan developed by an experienced
system expert. The construction plan specifies deliveries from each of the design teams
(each delivery takes about two weeks to implement), and the deliveries are sequenced so that
they can be integrated and tested as they are completed by design. The deliveries to each
integration are whole or parts of whole functions that are testable from an external point of
view. Note that several design teams can contribute to a delivery.

A skeleton of the total system was made before the real development of the functionality
started, so that all the modules in the final system were defined and the basic mechanism of
the system was working.

7.7.3. Build and Test

Build occurs automatically with a Unix daemon that takes the code from a Clearcase reposi-
tory. The code in Clearcase is marked with three labels:

* Baseline: This is the latest stable version of the code

»  Temp_Baseline: This is the latest checked in version which needs to be verified.
When a build is successful, the Temp_baseline label is changed to Baseline

e Use_This: This label is used for shared files where the changes need to be propa-
gated to the complete project as soon as they have happened
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The separate PUT (Process and Unit Test) team is responsible for testing the delivered func-
tionality in each of the builds. This is because the functionality can consist of parts from dif-
ferent design teams, and some independent testing is needed. The design teams are
responsible for testing their files in isolation before delivery. Note that the PUT team is test-
ing the new functionality, as the old functionality is tested by the automatic regression test
(part of the daily build). As the functionality is tested successfully new test cases are added
to the automatic regression test.

The delivery to integration is followed by a delivery report where each design team specifies
in more detail what is delivered. The documentation is also updated for each delivery.

Trouble reports are sent back to the responsible design team. If it is necessary to correct a
fault, a fault branch is made in Clearcase where all faults on this build are corrected.

The result of a build is distributed via SMS to mobile phones of interested parties. The
detailed test results are also stored in log files for later analysis.

7.7.4. Evaluation

The following are advantages of the daily build process as implemented in this part of Eric-
sson:

*  When using daily build, the design activities can be done more in parallel, and lead
time can be cut.

e With a shorter delay between design, integration, and test it is simpler to isolate
and correct faults, thereby decreasing the test time.

e Tests are run by an independent team, which is a good testing practice.
e There is always an executable version of the code available.
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7.8. Ericsson: OSS Development in MéIndal

Part of the Operation and maintenance system (OSS) for the GSM network system is cre-
ated in MoIndal at ETX/A/PO. This group has used feature teams in connection with daily
build. The project successfully made the deliveries to system test on time with contents and
quality according to the agreed requirements. Feature teams and daily build were key to this
achievement.

The scope was to introduce new features in an existing product. The design activities were
performed by nine designers organized in three design teams.

7.8.1. Feature Teams

The design teams worked with feature responsibility. Each team got the goals to plan and
introduce a new feature throughout the phases design, implementation and basic test. A fea-
ture consisted of a set of requirement that formed functionality of value for customer, e.g.,
table tabs. The impact on the products for a feature varied from one to quite a number of
software units. The development was made in increments where the design teams delivered
two or three increments each. The increments were gathered into five deliveries to function
test. The time between the deliveries varied from one to seven weeks.

A management team, consisting of the project manager and the line manager, acted as an
"orderer" to the design teams. The main responsibilities for the management team were:

* defining the goals for the teams
e approving the team plans from the teams
» following up the results from the teams

» resolving any conflicts in project resources and external resources concerning the
teams

The responsibilities for a design team included:

» division of the feature into suitable increments for delivery to function test

* detailed planning of all activities required to fulfill the team goals. The activities
were documented in a team plan which formed a "contract™ between the team and
the management team

» performing all activities according to the team plan, e.g., design, implementation,
basic test and planning and review activities

» follow-up of the activities in the team plan and reporting to the management team
at check-point meetings

e re-planning if necessary and decided at a check-point meeting
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In addition, different support roles facilitated the development work:

e The basic test coordinator defined the overall requirements for the basic test and
followed up the basic tests performed

e A Configuration Management group was responsible for the Clearcase environ-
ment, producing load modules and also baseline documentation for deliveries to
function test

A plan for the deliveries to function test was produced by the basic test coordinator in coop-
eration with the project manager and the function test leader. It was based on the planned
increments from the teams.

7.8.2. Incremental Development and Frequent Build

All source code was under configuration management control by means of Clearcase. Clear-
case views, multiple branches and labeling mechanisms were used. Each design team (fea-
ture team) was assigned a new branch for each increment. Automated basic test programs
existed in the design base for certain parts of the products. Instructions were defined for
managing the source code with respect to the Clearcase environment. The main goal was to
have source code with good and known quality at every moment in the project.

Frequent Build
2 within branch
Feature /" O/ v v v N . 4 (Y Y YV
Branch 3 /
/
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Code Time
Line 4\
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Daily Build within branch *
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Feature LY [
Branch
- >
Time: Several Months

1. The feature team got a new feature branch from the main code line (the project
main branch). Each designer got a private view connected to the new branch. The
new branch was always taken out from a defined Clearcase label on the main code
line, either the label for the original design base or a label set after a feature merge.
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Using check in and check out of the code and frequent build within the branch, the
feature team developed the feature. The build could be started in such a way that
also the automated test programs were run. The team performed all the phases of
implementation, code review and basic test of the feature within the feature
branch. Designers frequently built and tested the whole product including the new
code. The basic test was partly performed in the development environment, where
the automated basic tests programs and some of the GUI tests were run. Further-
more, other tests were run in a dedicated run-time basic test machine, where the
products were installed for basic test of run-time platform dependent parts.

The team merged the feature into the main code line. After the merge the team
built the product and performed appropriate regression tests on the main code line
to ensure that the new feature was still working and no side effects were found. If
no changes had been made in the main code line since the feature branch was cre-
ated no regression tests were needed. The automated tests were very useful for the
regression tests; also, a selection of the manual tests was re-run. When the test had
been completed a Clearcase label was set by the configuration management group
on the main code line, and the feature branch was then deleted. A new feature
branch was then created where the team worked with the next increment of the
feature.

A "Pull-merge" method was used to resolve merging problems. This was very
important to do - it was the way to synchronize the work of one feature team with
the work of the other teams, as soon as possible. When a label was set after a fea-
ture merge the other feature teams were notified (e.g., by e-mail). If the changes in
main code line would affect a feature developed by another team, the team made a
merge from the main code line to the feature branch, to avoid merging problems
later on at the feature merge.

The stabilization phase was entered. When a label had been set the quality of the
main code line was sufficient to generate a load module for function test and sys-
tem test. Prior to function test a pre-function test was run, where the product was
installed in the target machine and some tests were done to check the installation
and the major functions of the product.

In addition to the work performed by the team, the following actions were taken:

Teams tried to avoid situations where the same source code file was modified by
several feature teams in parallel. This aspect was considered in project planning
when defining the features and composing the feature teams. This was not always
possible to achieve. However, when parallel modifications were avoided, merges
became considerably easier.

A new branch was used for fault correction packages, in the same way as for each
feature increment. The same applied for fault corrections merged from other
projects. However, in the later part of the project faults were corrected directly on
the main code line.
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*  The basic test coordinator made a plan of how the feature increments from the
teams were gathered for pre-function tests.

*  The code was developed very much in parallel with the design as well as the docu-
mentation of the design. Parts where coding could start early were identified. How-
ever the design documents as well as code and basic test programs and
specifications were reviewed for each feature increment.

7.8.3. Important Issues

It is very crucial that the teams make good detail plans, covering all aspects of the work. The
plans must be followed up frequently. It is essential to meet planned delivery dates.

If deviations to the team plans are arise, e.g., in delivery time, it is important to re-plan with
respect to resources, functional contents, and other aspects. The team plan should then be
updated.

Establish instructions for how to use Clearcase branches, views and labels and what working
methods to use for merges. CM should ensure that the rules and methods are followed and
should have a good cooperative relationship with the feature teams. CM should also be
responsible for making sure that the branches and views are created from the appropriate
label.

Establish instructions of how and when to perform code review and basic test with respect
to the branches, merges and increments.

It is great advantage to have as much as possible of the basic tests automated; it simplifies
the regression tests and makes it possible to re-run a larger amount of tests, which gives
more control of the quality of the product.
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7.9.

Daily Build in Ericsson

Generally daily build and feature teams are attracting increased interest within Ericsson to
increase their focus on code and customer features. Traditionally Ericsson’s development
process has been rather document-focused, and coding was seen as a rather mundane task at
the end of the intellectual chain. This created long lead times in projects, and designers
wanted to get out of coding and do more “interesting” documents. Introducing feature ori-
ented design where teams are responsible for a complete customer feature from start to
completion is one way of changing this situation.

Examples of large Ericsson improvement programs including daily build are:

The Ericsson System Software Initiative (ESSI) where one of the good practices/
vital few actions for 1999 is daily build and incremental development. This means
that Ericsson’s ESSI team is collecting good practices from within the company,
and actively spreading these within the company.

The World Class Provisioning (WCP) program, which aims to drastically improve
quality, leadtime and productivity within Ericsson’s GSM network organization,
has daily build and incremental development as one of their 10 guiding principles.
In particular the Base Station Controller organization (managed from Link&ping)
has been a leader in implementing feature teams and daily build - both on a small
scale as in the GPRS project, and on a large scale for the complete AXE 10 BSC
system.

The CMS8800 (Ericsson’s system for the mobile standard for the American mar-
ket) has implemented feature teams and build on demand as one of its key strate-
gies to meet the tougher competition on the American market.

Note that all these examples involve rather large systems, where for instance the problem of
building the system in one day has not been trivial to solve.
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