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ABSTRACT

Software Configuration Management (SCM) techniques have been considered the entry point to rigorous
software engineering, where multiple organizations cooperate in a decentralized mode to save resources,
ensure the quality of the diversity of software products, and manage corporate information to get a better
return of investment. The incessant trend of Global Software Development (GSD) and the complexity of
implementing a correct SCM solution grow not only because of the changing circumstances, but also
because of the interactions and the forces related to GSD activities. This paper addresses the role SCM
plays in the development of commercial products and systems, and introduces a SCM reference model
to describe the relationships between the different technical, organizational, and product concerns any
software development company should support in the global market. © 2011 Wiley Periodicals, Inc. Syst
Eng 15
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1. INTRODUCTION

The disappearance of distances and geographic barriers due
to the widespread usage of the Internet has led to an increasing
globalization of software companies that employ resources
located across the world. As reported in Osterweil et al.
[2008zaq;1], “configuration management is a multibillion
dollar industry that provides important support for software
engineering practice” (e.g., commercial and open source soft-

ware configuration management tools have generated a live
marketplace [Estublier, 2000]). Software Configuration Man-
agement (SCM) has been defined “as the discipline of man-
aging the evolution of large and complex software systems™
[Tichy, 1988zaq;1]. It is a software engineering discipline that
addresses many of the practical problems related to the iden-
tification, storage, control, definition, relation, usage, and
change of the pieces of information, so-called Configuration
Items (Cls), conforming to a software system at any stage of
development and evolution. Any valid set of versions of
related CIs represent the configuration to release or baseline,
composed either by software or mechanical or electronic
pieces, thus making part of the systems engineering manage-
ment process.! Today, the concepts of SCM have been widely



adopted by several technical management functions including
systems engineering (SE) among others, as SCM is consid-
ered a closely related subfield for the SE process, and the
INCOSE Svystems Engineering Handbook v3.2 is now aligned
with the principles of ISO/IEC 15288:2008, Systems and
Software Engineering.

SCM is supported by integrated product and process de-
velopment activities. Hence, configuration decisions are
needed to determine which Cls will be managed in a multidis-
ciplinary environment. Because globalization increases the
importance of managing all information produced during
different stages of development, SCM (echniques and tools
must deal with multiple products and versions that can be
produced anywhere. Multiple products, multiple projects run-
ning in parallel, multiple organizations distributed across the
world at different locations, and multiple disciplines (e.g.,
hardware-software codesign) complicate the SCM daily op-
crations. Morcover, the development and evolution activities
carried out in a many-to-many scenario require the adoption
of complex SCM solutions and tools to optimize the resources
employed and to avoid the communication overhead between
distributed teams.

In this context, we examine how SCM fulfils new require-
ments arising from emergent (rends such as globalization,
outsourcing/off-shoring, shorter time to market, highly cus-
tomized products, and tight integration of hardware and soft-
ware in embedded system development. Engineering multiple
products under multiple projects and by multiple organiza-
tions in an intecgrated manner increases the complexity of
SCM activities. Therefore, companies need new models to
visualize and understand the aspects they need to put more
resources in order to manage more efficiently the variations
and the configuration issues of building multiple products in
a decentralized manner. The remainder of this paper is organ-
ized as follows: Section 2 summarizes the related work,
Section 3 outlines our SCM reference model for multiple
product configuration and management, In Section 4 we
discuss the role of the reference model on SCM activities, and
Section 5 provides some industrial evidence of its importance.
Finally, Section 6 outlines the conclusions.

2. RELATED WORK

Software Configuration Management (SCM) involves a vari-
cly of functions, methods, and techniques such as; version
management, change management, build management, and
release management. SCM builds upon the identification of
Cls (any picce of knowledge or representation of physical
element—usually supported as a file—produced or used dur-
ing the project development, that must be controlled sepa-
rately), baselines (sets of CIs that reproduce an approved
system configuration in discrete time), and relationships be-
tween Cls.

Version management controls versions of existing assets
to support producing a valid configuration of the target sys-
temn. A repository is used (o store Cls, versions for different
software development activities. Change management sup-
ports decision-making and keeps records for all the changes
made in a product during maintenance and development

processes. During development it is related to new features to
add, while in maintenance it is related to defects to be solved
in the system, Build management concerns the creation of
the final product by compiling and linking the right versions
of the componen(s, Release Management (akes care of de-
livering and baselining the right components of a system that
constitutes the product. All these SCM activilies are strongly
connected, and as such, these features are supported by exist-
ing (ools, such as Telelogic CM/Synergy? or IBM ClearCase,?
CVS,* its successor Subversion [Mason, 2005] and newbies
as git® or github.® The key information that becomes critical
for the organization 18 stored in appropriated repositories for
the development teams (o be retrieved in the future.

These activities focus on the control of changes and con-
figurations for single products. It is usual to confing SCM
activities to the last phase of software development—so Cls
are mainly source code files— but there is already a sign of
change which claims for the importance of SCM to create the
appropriate links between software architecture and its imple-
mentations, as versioning constitutes a major issue in order to
track the versions of multiple product configurations that have
to be maintained or derived into the right instances [Nistor,
Erenkrantz, and Hendrickson, 2005]. Engineering large and
complex systems, often under time-to-markel pressure, re-
quires the participation of many developers working concur-
rently, and SCM allows concurrent access (o software
artefacts for supporting the necessary consistency of the
changes made [Estublier and Garcia, 2005]. Such concurrent
engineering activities require cooperative engineering for all
the participants who have (o be aware of the changes made
and processes executed in parallel.

Nowadays, many companics are using software product
lines’ [Clements, 2002]in a competitive environment as a way
o deal with multiple products at a time. Therefore, controlling
the evolution of software components and final products in a
product line context introduces a factor of complexity for
SCM tools, as they must manage concurrent changes and
multiple dependencies. Schiifer [1996] states the problem to
deal with sophisticated SCM systems to enable user-friendly
specification for release dependencies, possible release states,
change request, or dependencies between patches among
others in order to reduce the hand-coded effort needed to
adjust the configurable options for cach new larget application
developed using a product line approach. This multidimen-
sional view impacts on product line configuration manage-
ment activities as the assets can be used in parallel projects.
Jaring and Bosch [2004] describe variants introduction and
instantiation, and explain that, in case instantiation occurs
before releasing, it may affect for instance build management
ot release management (configuring and packaging the right
product variant). On the product side, SCM aclivilics arc
aimed to produce a particular version of the target system that
has to be configured according to the requirements. In Cle-
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ments and Northrup [2002], a list of capabilities to elaborate
tools for product line configuration management activities is
provided, and all these capabilities extend those traditional
SCM ones to multiple products, (cams, projects, and loca-
tions. Other related experiences and case studies can be found
in Jaring, Krikhaar, and Bosch [2004], Maccari and Heie
[2005], Raatikainen ¢t al. [2005], Engelsma [2006], van der
Linden, Schmid, and Rommes [2007], and Mylliriemi, Raa-
tikainen, and Minnisto [2006], where intercompany collabo-
ration and outsourcing play an important role (hat affects
SCM activities for composing different product configura-
lions.

Also, software organizations that run parallel projects in
different countries need of adequate methods and tools to
achicve the following goals: (i) Release multiple products
under the time to market condition; (ii) control the evolution
and versions of the architecture, components, and products
with suitable CM (ools; and (iii) provide collaborative support
for different distributed teams that have to interact during the
life of the project. In order to address the different facets that
may impact SCM aclivitics, we propose a model (o describe
the forces and the interactions of several disciplines related to
multiple products and projects that can be developed in dif-
ferent organizations in different sites, as previous works
poorly deal with such number of disciplines at the same time.

3. A 5-AXIS REFERENCE MODEL FOR
SOFTWARE CONFIGURATION MANAGEMENT

Regarding the different aspects that may influence SCM
activities, we have identified the following five key facets of
global software development with direct impact on SCM:

1. Products: Software Product Line Engineering (SPLE)
develops multiple assets and products under the same
software architecture. SPLE is often overseen, and
therefore SCM tools provide little support to SPLE for
handling multiple products and versions. In terms of
SCM, the baseline configuration of a product ling is
composed of a set of common Cls, which are custom-
ized using the variation points defined in the product
line architecture and implemented by the build man-
agement (building the requested product variant) or
release management (releasing the appropriate set of
components) activities.

2. Disciplines: Under the SCM view, the system configu-
ration is composed by Cls that contain software code,
as well as items that represent, model, or simulate a
piece of hardware (electronic schemas or printed circuit
board descriptions). New challenges appear | Krikhaar
etal., 2009]: In particular, the integrated hardware/soft-
ware configurations must be managed carefully, as the
two disciplines, which have been (raditionally sepa-
rated, must cooperate closely on a regular base. This
requires adequate SCM functionality for storing hard-
ware and software sources, but also for interdiscipli-
nary release management. Despite early observations
[Dart, 1992], the hardware and software worlds seem
to have evolved in isolation with regard to SCM.

3. Projects: Any medium-size software organization
might be able to run multiple projects simultaneously
according to their internal resources and budget. The
role of SCM in (his scenario is twofold. First, cach new
project constitutes a knowledge repository about devel-
opment processes and Cls. Second, SCM acts as a
bridge between the consecutive phases of development
of each project. For example, a team in charge of
acceptance testing knows when to start this activity and
which CIs in the SCM form a system configuration,
Also, SCM that implements accounting functions con-
stitutes a key project management (ool Qutsourcing
and branching practices may split and organize projects
in sub-projects. In some industries, 4-6 months is the
regular length for software project development while
in large consortiums, 4-year projects are possible.

4. Organizations: Products and projects can be sup-
ported by several organizations and suborganizations,
in particular in companies with well-established prod-
uct lines. Because companies collaborate in the execu-
tion of a project or development of a product, the
configuration items (CIs) are the result of the producer
organizations, and they are consumed as inputs to cre-
ate new CIs, to be changed (versioned) or to build up
the configuration baseline. Multiple organizations im-
pose more requirements on SCM, such as;network
access to the repository crossing organization bounda-
ries and controlled visibility and change of CIs support-
ing interorganization operations. In a strongly
outsourced scenario, we could even think about the
federation of SCM systems, supporting the transitive
access to items and distributed builds (e.g., the Maven®
open source system seems to explore this path).

5. Sites: Projects can run distributed in multiple sites and
products can be engineering at different locations (e.g.,
due to software production costs). Many software or-
ganizations employ distributed (cams across a number
of geographically distributed sites (e.g., for consortium
projects). Different teams with different cultural and
language factors [Ma et al,, 2007] require a stronger
project management to minimize the physical distance
factor, such as the storage of asynchronous communi-
cations between different sites staff. These issues have
been rarely considered by existing SCM tools. More
frequent is a large company which has different physi-
cal branches (with different time zones), and SCM tools
are used to coordinate the versions of the assets (e.g., a
repository storing the assets is synchronized peri-
odically).

3.1. Formulation of the Model

The situation with respect to the five facets described above
must be clearly stated and visualized in order to estimate the
SCM requirements. From a previous work [Krikhaar and
Cmkovic, 2007], we extend the idea of a 5-axis model for
SCM, and we represent it in the following manner.

®http://maven.apache.org/
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(a) S-axis model: The 5-axis model is defined by an
aggregation of the five facets, f1, f2, 13, 4, f5 defined
betore: Products, Disciplines, Projects, Organizations,
and Sites. Each facet is represented graphically by an
axis in the 5-axis model, which is not necessary or-
thogonal to the rest of the axes. The axes do not have
or define a predefined order neither does one axis
prevail over the rest.

(b) Values of the facets: Liach facet is represented by a
numerical value or scale defined by cach organization,
which indicates the number of active elements of that
facet in a given timeframe. For instance, projects = 3
indicate that 3 parallel projects are running in a certain
period of time. A tabular representation can be used to
organiz¢ the values of cach lacet.

(¢) Ranges and limits of the facets: The estimation of
valid ranges of values for each axis is not as easy as it
depends on: (i) the size of the company (¢.g., capacity
for running parallel projects), (ii) number and location
of branches, (iii) the nature of outsourced elements
(c.g., projects, people, maintenance), (iv) use of a SPL
approach, or (v) other context information. Based on
our experience, we suggest the following:

e Thenumber of products a particular software company
can develop depends on the amount of available re-
sources, its size, and its market segment, Some large
companies encompass a wide variety of both internal
and external products. For example, companies like
Nokia may have many product familics, and a distinc-
tion must be made, for instance, between two mobile
phones belonging to the same family.

e The number of disciplines is often low and varics [rom
purely software to complex scenarios including soft-
ware, hardware, and mechanics. In any case this number
1s low.

e The average number of parallel projects a company
could run 8 often estimated based on the available
resources for a given timeframe. However, in our model
we do not distinguish between macro and micro paral-
lelism for a given project, or if a particular organization
uses different software development approaches (e.g.,
waterfall model versus agile practices).

e The maximum number of organizations involved in
the development of a product or project is also difficult
to estimate, as SCM tools, the Internet, and outsourcing
practices makes the cooperation easier between several
organizations.

e The number of sites in which a product can be built or
a project runs affect the delocalization of software
companies, where cultural barriers and development
and shipping costs, mainly for hardware disciplines,
have a strong influence.

¢ Limits of the facets: Each organization should define
their limits of the facets based on the maximum allowed
values for each facet and provide a consistent balance
for the 5 axes. For instance, large companics may be
able to develop 100 commercial hardware/software
products while smaller ones no more than, for instance,
3. Regarding projects, the Microsoft project server de-

grades its capabilities when the number of projects
inserted is more than 20 (e.g., data obtained from 2009),
and in this work we do not consider companies involved
in more than 20 projects simultancously, Very large
projects may involve more than 10 organizations, but in
many cases this fact can be considered subcontractors
of large organizations.

(d) Visual representation: For representing the axes used

the technique known as radar charts (i.e., Kiviat dia-
grams), as it is a well-known visualization model for
describing independent multivariate data as a 2-dimen-
sional chart of three or more quantitative variables
represented on axes starting from a common point,
Hence, we used the values of the 5-axis model (o depict
a Kiviat diagram, and the area shows the theoretical
situation of a particular company, which can be modi-
fied or not according to the additional context informa-
tion. The shape and the arca of the resultant Kiviat
shows: (i) the relevant characteristics of the facets being
compared and (ii) the SCM activities or solutions which
become more relevant according to the facets.

(e) Relationship between axes: Because the modification

of the value of an axis may impact on other axes, we
use the following notation to describe the forces be-
tween axes; +++ means that two axes are highly cou-
pled, ++ represents medium coupled, and + indicates a
loose coupled relationship (i.e., strong, medium, and
weak relationships). Hence, users will have an indica-
tion that the modification in the value of one axis in a
tight relationship may imply a change in the value of
the other axis.

(f) Context information: Sometimes it is difficult to make

the right SCM decisions based only on the number of
projects, products, or sites a particular company poscs.
Hence, it can be possible that the forces between facets
can be similar for companies that need difterent SCM
activities. Therefore, each company must use addi-
tional context information to discriminate such cases,
s0 we propose the following contextual information:
Human resources (HR): It affects to the number of
parallel projects, as each company should know how
much (ime¢ a software engineer can dedicate (o cach
project and at what cost. Representing this factor as a
function of the axis, we have: HR = f{projects, organi-
zations, sites).

Budget (B): Budget strongly influences the number of
concurrent projects, but it also affects the number of
organizations and sites involved in a particular software
development, and at which cost a product is developed.
Because budget and human resources are closely
linked, an increment or decrement or the budget will
increase or decrease the number of human resources,
including those companies that outsource TI or have too
many sites that may complicate SCM activities. A re-
duction in the budget may decrease also the number or
projects, organizations, and sites, but not all these axes
must be reduced at the same time. Similarly, we define
B = fiprojects, products, organizations, sites).



e Technological infrastructure (TI): The available
hardware/software infrastructure may affect the disci-
plines and products we develop. Not all organizations
can afford launching a software product line approach,
while in other cases SCM activities such as distributed
repositories make no sense (e.g., the case of a very small
organization), and part of the budget must be allocated
to support the cost of the Tl infrastructure required. This
factor affects the number of products a company devel-
ops, the number of projects a company runs, and the
number of sites in case a distributed location does not
count with the appropriate technological infrastructure.
Hence TI is a function dependent on projects and prod-
ucts: TI = fiprojects, products, sites).

We summarize in Table I the context information items
affecting each facet of the 5-axis reference model, as each
organization must define the amount in which the context
influences the allowed values of the facets.

3.2. Guidelines of Use

As a guideline of practical usage where software engineers,
business and project managers, and other SCM stakeholders
would like to use our model, we provide some guidelines
based on the information described before:

I. Extract and obtain for each target company or compa-
nies the numbers for each facet.

2. In those cases where historical data are available and
properly recorded, obtain data about the context infor-
mation regarding human resources, budget, and avail-
able technological infrastructure.

3. Usingthe data obtained in step 1, build a Kiviat diagram
for each pair of facets we want to compare.

4. For the facets compared, build a table indicating those
relevant characteristics using the information specified
in Tables I1, V, VI, and VII, and add the corresponding
SCM activities. Also, add the degree of the relationship
(+, ++, +++) between the facet compared and the others
for the company analyzed.

5. In case we need to compare more than one company,
use the contextual information of Table II and indicate
which facets increase or decrease. Repeat steps 3 and 4
to update the Kiviat and the number of SCM activities
to include or exclude.

Table 1. Influence of Context Information Items on the
5-Axis Model

Human resources | Budget | Technological
Infrastructure
Products X X
Disciplines X X
Projects X X
Organizations X X
Sites X X X

4. THE ROLE OF THE REFERENCE MODEL ON
SCM ACTIVITIES

This section describes the role of the 5-axis model on SCM
activities for each facet and the relationships between them.

4.1. Multiple Products

Software Product Lines (SPLs) deals with the creation and
management of product families for building multiple prod-
ucts belonging to the same market segment, increasing pro-
ductivity, and enabling rapid market entry and flexible
response. The creation of multiple products can be developed
under one or several projects, but the multidimensional and
interdisciplinary characteristics of products and projects re-
quire the combination of assets from different natures and
sources. This multidimensional characteristic affects the crea-
tion and use of product families when multiple SPL [van
Ommering, 2002; Trujillo, Késtner, and Apel, 2007] run in
parallel. The CM system manages the build process and
multisite development and follows a multiorganization, mul-
tisite approach for the consumer electronics domain. The
range of variations of product line products and components
influence the complexity of SCM activities,? and, hence, this
hinders SCM methods from being well established in the
product line area. The role of having multiple products and its
influence on SCM activities is described in Table II.

e The product and project axes are tightly coupled be-
cause each product is developed under one project.
Therefore, when we have several products developed
under several projects, we recommend starting an SPL
approach and use variability modeling techniques to
facilitate product configuration. Hence, there is a need
to manage different product releases for each product
family and build management procedures for product
configuration tasks.

= The product and organization facets have a medium-
high coupled relationship because if a single project
runs under a particular organization, the relationship is
very dependent of the organization, while in a decen-
tralized scheme projects can be supported by different
organizations. As organizations must cooperate closely
to develop their products, releases must aggregate the
components developed by each single organization and
coordinate changes and CM audits.

e The relation between product and discipline axes can
be considered highly coupled because each product is
usually classified under a particular discipline, but it
could happen that a particular artefact may not belong
to any of the disciplines supported by the main organi-
zation in which SCM activities are defined (e.g., third-
party software).

e Because products are not very dependent on the site
where they are being developed (decentralized ap-
proaches), we categorized this relationship as loose
coupled. On the other hand, strategic, technological, or
economic factors make a single SPL become very de-
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Table 1I. Characteristics and SCM Activities for Multiple Products

Facets Relation Relevant SCM Description of SCM activities
with characteristics activities
Projects +++ Product Line Component Build management are all activities to build
approach baselines (compile,link) a system. Dedicated release
Product variation | Component management implies release management
modeling releases activities that can be also applied for
Product Build internal deliveries (for example for testing
configurations management purposes or beta site testing) is release
Dedicated management
release
management
Organizations A+ Product Aggregated Staged Change Control concerns change
cooperation releases control divided over different
Staged organizational units. Often implemented
Change with hierarchical structure of Change
Control Control Boards.
Staged CM [ With staged CM auditing we mean CM
auditing auditing applied to parts of the final
product.
Disciplines +H+++ Hardware close to | Central A central repository is a repository that is
Software repository used by different people distributed over
different sites. The repository is used as if
every developer is located on the same site.
Sites +++ Cultural aspects Branching Branching is wused to separate certain
Communication strategies development from other development. In
Collaboration | larger companies we see often a huge
Distributed number of branches which mess up
repositories development. At a certain
stage the branches should come together
again! Branching strategies provides rules
for creating branching, merging branches
and finishing branches to keep this under
control.

pendent on a specific site, and the relation becomes
stronger.

We believe that SCM activities change when a decentral-
ized scheme is used, and specific SCM activities are defined
for versioning and change control for products, core assets,
and for information management as well. In multiple product
lines and multiple projects running in parallel, updated SCM
activities become more relevant than for single and isolated
projects, because a particular product may use other compo-
nents and products, which are being developed by other
running projects. Our approach does not deal with variability
or product variants explicitly, as variants may lead to different
product configurations (e.g., two products differ in the color
setting). In other cases, if a mobile phone developer sells two
mobile phones to the same family, these can be seen as two
different products; but it depends also on how much variabil-

ity makes one product different from another, and the distinc-
tion is more market-driven rather than a new product. Table
III shows an example where two companies with different
values in the facets show different forces in the axes and are
represented using Kiviat.

Case 1: Company A develops 10 products in 5 projects,
while the rest of the facets remain equal to 1. Figure 1 depicts
a Kiviat diagram where a tight relationship is expected be-
tween these two facets regarding the size of the area and
compared to the other axes.

Case 2: In this case Company A doubles the number of
projects with respect to case 1. Hence, the relationship be-
comes much more coupled than in the previous case, and
context information can be used to discriminate both cases
and if it is possible for the company to move to such new
scenario (see Fig. 2).

Table IIl. Example of Companies Supporting Multiple Products

Company Products Projects Organizations Disciplines Sites
A 10 5 1 1 1
A 10 10 1 1 1
B 10 5 3 1 1
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Figure 1. Relationship between multiple products and projects.
[Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com]

According to Table I, an increment in the number of
projects may impact, according to the number of available
human resources and budget. Therefore, the organization
must evaluate the possibility of having more projects accord-
ing to the resources available. Also, new SCM activities, such
as status accounting and CM auditing might be needed (see
Table IV).

Case 3: Company B develops 10 products in 5 projects in
3 different sites. As the Kiviat diagram shows, the relationship
between products and sites is weaker or less coupled than the
relationship between products and projects, as described in
Table 1I. When the available human resources decreases af-
fecting one site, the development of a product can be reallo-
cated to a different site, except if economic, technological, or
other factors make it impossible (see Fig. 3).

4.2, Disciplines

Software and hardware engineering can be both considered
as disciplines (i.e., the type of product a company produces),
and each discipline encompasses its own product view or
structure with related CIs, as changes in one domain must be
propagated into the other domains (e.g., Do, Choi, and Song
[2008] discuss propagation of engineering in multiple product
views). According to Table V and for software-hardware
development, the discipline axis is not very dependent of the
organization, project, or site, but conversely it strongly de-

Products
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Sites 4 Projects
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4] B Company A
Disciplines” “Organizations

Figure 2. Increment in the number of projects for Company A.
[Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com]

Table IV. Context Information for Company A, Case 2

Human | Budget | Choices for | Additional SCM

resources additional activities
resources
Products X Same budget
Disciplines
Projects X X +/-5 Status accounting

CM auditing

Organizations
Sites

pends of the type of product (e.g., embedded or nonembedded
software). Otherwise, the marketing/sales discipline deter-
mines that a certain item shall no longer be sold, which means
that the manufacturing discipline no longer has to produce the
item, unless it is defined as a spare part by the service
discipline. Hence, the discipline axis strengthens the relation-
ship with the organizations where products are sold or manu-
factured. Sometimes, the site axis may increase its influence
depending where products are produced (e.g., shipping costs
for embedded systems). The relationship between project and
discipline can be considered medium or highly coupled, as
parallel projects may produce multidisciplinary products but
not all the disciplines must be supported by a single project.
For SCM, the structuring of the product according to the
purpose of a discipline relies heavily on configuration man-
agement.

4.3. Multiple Projects

Global software development fosters multisite project devel-
opment, and configuration management activities play a key
role in the success of decentralized organizations. For most
companies, it is often better to run several projects concur-
rently, and CM plays an important role for controlling the
multiple versions of artefacts and products. As mentioned in
Palmer and Felsing [2002zaq; 1], “configuration management
systems may vary from the simple to the grotesquely com-
plex.” Table VI shows the relationships of our 5-axis model
for multiple projects. Running multiple projects in different
sites should not be affected in excess by the location in which
the project is enacted, except when a delay turns risky for the

Products
10

8
6

Sites > Projects

m Company B

Disciplines” '.Organizations

Figure 3. The number of sites has less influence than projects in
relationship to the number of products. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com]
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Table V. Characteristics and SCM Activities for Multiple Disciplines

Facets

Relation
with

Relevant
characteristics

SCM activities

Description of SCM activities

Projects

++/+++

Multidisciplinar
projects

Status accounting
Central repository
CM auditing

Status accounting concerns
measuring the status of development
by inspecting the CM

repository and databases.

M

Auditing concerns all activities to
verify  the  correctness  and
completeness of the system

Multi-vendor HW
Development

Organizations +H++

Baselining

Baselining is similar to labeling
configuration items versions that
belong together. At a
later stage the right versions can be
found to solve e.g. a problem in that
baseline.

Releases are always baselined, but
also nightly build can be baselined.

Multi-site ~ HW
Development

Sites +H++

Collaboration

Collaboration concerns all activities
to work together with different
teams.

whole organization. Hence our relationship for disciplines
and sites can be defined as weak or medium. In addition,
running projects in multiple sites should not be a problem, and
the relationship is often considered weak or medium, except
in those cases where cultural factors have a stronger influence
for communication and work purposes. In such scenario,
distributed SCM activities and auditing are often carried out
for each site.

The impact on SCM activities when multiple projects run
concurrently are as follows:

¢ The correct synchronization of changes (e.g., a change
in an interface should be communicated across both
sites of such an interface) must be supported by SCM
tools and procedures to organize parallel work under a
common workspace.

e The results of projects must be integrated in other

projects to deliver the complete set of features, and
eliminate the perception of users that the heartbeat of
releases is faster than project length. In outsource or-
ganizations, large software development requires of
specific policies to address the challenge of running
parallel projects, as a way to reduce the communication
overhead or updating software assets. This issue may
become an important factor for selecting the right part-
ners and the right sites according to their distance.
The context under which the project is executed on and
project management information must be represented
by Cls, such as project scheduling, resources allocation,
project control information, stakeholders’ descriptions,
and organizational deployment.

Table VI. Characteristics and SCM Activities for Multiple Projects

Facets Relation Relevant SCM activities Description of SCM
with characteristics activities
Organizations +H -+ Multi-Organizational Status Accounting
Projects CM Auditing
Quality aspects
Sites +/++ Communication Distributed CM We use distributed CM when
Cultural aspects Staged CM the responsibility of various CM
auditing activities is distributed
over different organizations or

departments.

With staged CM auditing, we
mean CM auditing applied to
parts of the final product. CM
auditing concerns all activities
to verify the correctness and
completeness of the system.




e Changes in the organization are then mirrored by
changes in the corresponding configuration item, so it
makes it easier to recover the complete context of
execution of the project. This feature of SCM systems
will be supported in a short future by tools implement-
ing advances in IT government.

4.4, Multiple Organizations

The growing trend since the mid-nineties towards outsourcing
and offshoring makes the practice to purchase [Bergey, Fis-
cher, and Jones, 1999], commissioning, and developing much
more common than ever before; and technology-related out-
sourcing has grown rapidly (e.g., India’s Wipro acquired a US
infrastructure-management service for $600 million)
[Leavitt, 2007]. By contrary, some risks may impede globali-
zation multiply, such as loss of control, legal issues, coordi-
nation problems, hidden or unexpected costs, or training and
cultural issues. Up to 20 major effects of offshore outsourcing
reported by project managers can be found in Lacity and
Rottman [2008], but one of the fundamental factors in deter-
mining the success and failure in globally distributed teams
is trust [Moe and Smite, 2007]. Better practices in eSourcing
(i.e., international sourcing of ICT products and services) are
needed to crosscut geographical, social, and temporal barriers
in GSD. As stated in Kikold [2008zaq;1], “the globalization
of the world economy is putting increased pressure on com-
panies to leverage information and communication technol-
ogy (ICT) in order to become more competitive.” The trend
that GSD involves several organizations for managing the
knowledge of companies [Clerc, 2008], and decentralized
organizations can cooperate with each other need to identify
such best practices.

Specific to product line practices, segmented market
analysis, domain scoping, and product line acquisition proc-
esses are key areas for launching and institutionalizing an
outsourcing strategy involving several commercial organiza-
tions!® [Berenbach, 2007]. If we take a look to the SPL
strategy, core assets development can involve one or several
organizations, in particular in the case of multiple product
lines; but all of them share the same development platform
and CM procedures. In our model, the site is very dependent
on the organization (see Table VII) as in many cases subcon-
tracting between organizations is very driven by cultural
aspects and in other cases by cost.

4.5. Multiple Sites

Companies deploying their activity in multiple sites can refer
to the tables discussed before to find the relationship between
sites and the other facets. Distributed organizations and out-
sourcing practices in other countries are very driven in many
cases by cultural and communication factors. Hence, distrib-
uted SCM activities strengthen the collaboration between
branches or subsidiary. In those cases of branches located in
the same country, cultural aspects do not influence SCM

http://www.sei.cmu.edu/productlines/frame_report/devel.imp.AS.htm

Table VII. Characteristics and SCM Activities for Multiple
Organizations

Facets | Relation with | Relevant characteristics | SCM activities

Sites +++ Cultural aspects Distributed CM

activities, but distributed repositories for managing the diver-
sity of products might be needed.

For instance, a European telecommunications operator,
Telefénica,!'12 serves to illustrate the role of the site axis, as
one of the representative world largest telecom companies
with 250,000 employees distributed across more than 25
countries, mainly in Europe (six countries) and in Central and
South America (13 countries). The company has several
branches (i.e., adivision, an office, a subsidiary, or an external
company of a large one in a particular area) geographically
distributed in Europe to support different services and re-
search. A corporative center is responsible for the global
strategy and policies of the group, management and coordi-
nation of the different business units, to warranty the global
vision of the company. Hence, multiple sites participate in
their R&D activities, and outsourcing constitutes a charac-
teristic of the business case of the company. Research and
development projects are split across different locations with
distributed teams and different time zones, involving several
disciplines such as networking, electronics, or pure software.

5. INDUSTRIAL EVIDENCE OF THE SCM
REFERENCE MODEL

So far, we have discussed the axes of our 5-axis model. We
can conclude that the support given by SCM practices is of
paramount importance for moving from the one to the many
in project-product-organization-site-discipline. To achieve
some confidence in this observation, we conducted a survey
among the participants of the ICT NoviQ Configuration Man-
agement seminar and the Configuration Management work-
shop,!? both held in 2008 in the Netherlands.'* Thirty-two
attendees participated in the survey, 23 of whom work in the
embedded systems industry and 9 of whom develop informa-
tion systems. Results of the survey were discussed in place,
leading to the following advices in the application of the
model:

(a) Projects: Only top-level projects leading to a final
product should be accounted when dealing with this
axis.

(b) Organizations: The number reflects the number of
organizations involved which are (financial) inde-
pendent of each other. Two departments within one
organization count only for one.

Uhitp:/fwww.tid.es
Phttp://www.telefonica.es
Bhttp://www.topic.nl/ml/cm-workshop/
Yhttp://www.ictnovig.nl/nl/14-mei-2008
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(¢) Sites: To derive the value of these facets, we focus on
in-house development, not taking into account external
components as operating systems or open source librar-
ies outside the company.

(d) Disciplines: The number in this axis was filled out by
counting whether if any of these disciplines fit in-
tozaq;2 the following three categories: software, hard-
ware, and mechanics.

(e) Products: The products that must be taken into account
are those in which the diversity was explicitly handled
during development and which had impact on manag-
ing it in software repositories.

Table VIII shows the results of the survey. The first column
contains (in anonymity) company names, differentiating be-
tween embedded industry (E) and information systems (IS).
Forces between the facets are not explicitly measured but can
be estimated from the values. The table is sorted according to
the sum of forces, starting with a low force and ending with
a strong force (and so more complex to manage).

We observed that 11 (34%) companies are developing
software in more than 5 parallel projects. To manage this
amount of information during development, SCM provides
so-called branches, to separate the information of different
projects. After finishing the project, developed software has
to be merged into a main branch. The difficulty of managing
merging during the evolution of these projects is high. In the
literature, different branching strategies are discussed to over-

come problems in managing parallel projects. In practical
terms, however, these strategies can be pragmatically imple-
mented for many parallel projects with short development
times.

Developing products with more organizations and more
sites requires strict ways of working. The system may be
sharply divided into subparts which can be developed and
tested separately. Often, more collaboration is required to get
the job done, as the case described in Oor and Krikhaar
[2008].

From the survey we observed that, for 7 (22%) systems,
more than 4 organizations are involved in 20 (63%) systems
and development is performed in 3 or more sites (only 2 of
them 6% develop systems on a single development site). This
fact shows evidence that collaboration models play a key role
in current and future development. This situation occurs more
for embedded systems than for information systems, as, by
definition, embedded systems involve more disciplines. Re-
garding the sites axis, Bird et al. [2009] distinguish develop-
ment that is distributed globally within a single company from
development with outsourcing, which involves multiple com-
panies. They studied the Windows Vista code base and found
that the physical distance did not contribute negatively to a
large extent to the quality of the software products in term of
postrelease defects. This result exhibits the differences in the
organizational structure of companies [Nagappan, Murphy,
and Basili, 2008], but it might change in an outsourcing
context where several companies develop or maintain differ-

Table VIII. Industry Survey in Terms of the SCM Reference Model

Company Projects Organizations

Sites

Disciplines Products

184
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1S5
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E5

1S8
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ent software products at different sites under one or more
software projects. From our study and according to Table I,
only one of the companies analyzed (E6) is powerful enough
to support 3 distinct disciplines in a single organization but
distributed in three different sites.

Also, in traditional SCM, a single group or person had the
authority to decide on the organization of SCM activities. In
the survey we see that only 8 (25%) systems were developed
by a single organization, which means that there is only 25%
that match with a traditional SCM strategy. We observed that
11 (34%) persons indicate that they develop more than 5 main
products from a single development line, showing evidence
for dedicated support for product lines on SCM systems.

Finally, as the number of projects can be larger than 20,
some normalization should be done before averaging the
values of the forces in order to avoid that the resultant forces
can be always the same. This normalization must be defined
by all the organizations cooperating in a common project or
product development, but the definition of appropriate
weights to normalize the results is out of the scope of this
study.

5.1. SCM Solutions

Table II shows how facets are related to SCM activities. The
implementation of the SCM activity heavily depends on the
strategy of development. For example, the chosen technology
for SPL development has impact on the way, e.g., build
management is solved. Analysis of the forces provides insight
in implementing the proper SCM solutions that support these
forces.

Table IX. Solutions of the Industry Survey

From Tables II, V, VI, and VII we derive Table IX for the
companies analyzed. In Table VIII, the first column numbers
each particular case. Columns 2-6 refer to Projects (Pr),
Organizations (Or), Sites (Si), Disciplines (Di), and Products
(Pd). The next two columns describe the important charac-
teristics required when adopting an SCM approach and those
SCM solutions needed for implementing the characteristics.
The last column indicates examples of the companies given
in Table VII affected by the axis selected in columns 2-6.

Table IX provides insight of those SCM aspects that should
get attention when a force exists between two axes. For each
combination of forces, the best SCM implementation is given.
For instance, regarding case 1 in Table IX and the particulari-
ties of companies 1S2, 1S3, and EH, the build management
SCM activity should be implemented to support multiple
products and projects, as, in industry, we have seen that wrong
SCM decisions may lead to hamper software development if
a bad approach or technological solution is chosen.

Based on the results of the survey and Table 1X, which
directs the focus on SCM solutions, we elaborated the first
three cases:

Case 1: Companies IS2, IS3, and EH. In this case a
medium/strong relationship appears between projects
and products (e.g., due to a number of products devel-
oped under the SPL approach or projects running si-
multaneously), but these three companies provide
different solutions to get multiple projects and multiple
products under control. IS2 and IS3 develop compo-
nents, which are separately released (requiring compo-
nent baselines) and put a customer-specific system
together by selecting the proper components (and ver-

Companies | Pr | Or | Si | Pd | Di | Relevant characteristics

SCM activities

1S2, 1S3, | X X

Product Line approach
EH Product variation Modeling
Product configurations

Component baselines
Component releases
Build management

Dedicated release
management
EB, EA X X Product cooperation Aggregated releases
Staged Change Control
Staged CM auditing
E2, EG X X | Multi disciplined projects Status accounting
Central repository
CM auditing
E8, EL X | X Cultural aspects Branching strategies
Communication Collaboration (Mainline)
Distributed repositories
E6, E7 X | X | Hardware close to Software Central repository
EG, EN X | X Multi-Organizational Projects Status Accounting
Quality aspects CM Auditing
I1S2, EH X X Communication Distributed CM
Cultural aspects Staged CM auditing
EB X X | Multi-vendor HW Development | Baselining
EN X X | Multi-site HW Development Collaboration
EK, EA X X Cultural aspects Distributed CM




sions) just before delivering to the customer. EI1 is a
company that develops product lines by combining two
approaches. First of all, in the architecture, measures
are taken to select the proper components during run
time (using a configuration file setting the right op-
tions). This method is combined with several build
options which have (o be set (o create specific results
for dedicated hardware parts in the system. This com-
bination requires dedicated release management in or-
der to release the product variants (o the right
customers. In summary, roughly two approaches were
observed, one building components and putting a prod-
uct together in a late stage of development. The other
approach was more based on configuring (parts of) the
system during building (compiling, linking) the sys-
tem.

Case 2: Companies EG and EN. A strong force between

products and organizations means that diffcrent or-
ganizations closely work together in product develop-
ment (and business creation). A good release policy is
extremely important to ensure that the proper products
are released. In case of field problems, one should be
able (o trace back (o the original source (o resolve. As
more organizations are involved, it should be hidden for
the customer, but very clear for all organizations. The
EG system showed us that they give special attention
to auditing the status of the various product parts. As
more organizations (and probably cultures) are in-
volved, one should preserve software quality by doing
CM auditing well. Are the right versions of the different
developments put together? Are we testing the right
version of the system? Is the right system released; are
all elements included? Can we trace to the source in
case a problem arises in a certain release? Answers (0
these questions become more difficult when more or-
ganizations are involved. The EG company experi-
enced this, because due (o an acquisition, different
organizations had to work together strongly. Another
topic which becomes more important is the Change
Control Board. When more organizations work (0-
gether, there is a chance that some problems are not
resolved because they cach think that the other organi-
zation will solve it. The EG company had to deal with
this issue and experienced in the hard way that more
control is required when changes are addressed.

Case 3: Companies E2 and EG. The strong relationship

between projects and disciplines means that several
projects run in parallel (o produce a multidisciplinary
product. As status accounting (recording the status by
extracting information from the CM system) is one of
the main reasons of control for a project leader, where
special attention has to be paid to achieve commonality
between the disciplinegs. A single source from which
status is extracted helps to support this activity, so a
single repository helps. Auditing is the verification of
completeness, which is harder for multiple disciplines
due to the fact that they produce artefacts from different
nature. Company EG has a strong force between disci-
plines and projects. We found out that status accounting
{knowing the status of all deliverables during develop-

ment) was organized in such a way that the status of
total development could be easily derived at any mo-
ment in time. By introducing a focus on status account-
ing the EG company tackled a serious problem of the
past. For example, much time was spent on testing a
system, while the wrong firmware was uploaded to the
testing system, To simplify this (more or less) auto-
mated process, all system parts to be uploaded to a
system were stored in a single central repository. There-
fore it was casicr (o check the status and casier (0 have
the right things done.

6. CONCLUSIONS

In this paper we have described a 5-axis reference model that
uses Kiviat diagrams to describe the particular situation of
companies from five different facets and how these facets
interrelate with cach other. We also describe how the model
can serve as a guidance and assessment for SCM practices or
activities based on a set of characteristics of each facet.

From the survey carried out, we observed that the diversity
of products has a great impact on SCM solutions. The axis
model helps to determine the SCM-related forces for software
development. For instance, some of the companies in the case
study, which are developing more products, are also involved
in a large number of projects, while others build more prod-
ucts in less number of projects. In most of the cases, the
multiple products problem was solved by applying various
build scripts (i.c., build management). In the case of multiple
projects, the build management was considered in a situation
where different branches were implemented to serve multiple
projects. As the night takes only 8 h, in some companies il
became a problem to build all projects for all products. This
resulted in a strategy where more projects are using a single
branch. Another disadvantage of having multiple projects is
that communication overhead increases.

With respect to the disciplines, only the 28% of the com-
panies surveyed can afford having 3 disciplines at the same
time. This may increase the cost and complexity of the struc-
ture of the organization and in many cases leads to run more
projects or develop more products.

The 5-axis reference model provides a simple and straight-
forward way of understanding the internal structure of com-
panics and to detect their strongest and weakest forces
between axes as well. It offers a simple but effective way to
communicate the situation of each particular company when
the number of facets increase or decrease and (o adopt the
most suitable SCM solutions according the relationships and
values of the facets. Also, the categorization used to determine
the forces of the axes should be based on contextual informa-
tion of each particular organization and for a given timeframe,
as it is complex to provide a simple metric suitable for all
companies and their circumstances. Such qualitative evalu-
ation helps to make decisions when selecting a particular
SCM approach, but also helps to prioritize the SCM imple-
mentations when improving an organization.

Regarding the correctness of our approach, two or more
people using our model should get similar forces and use the
same SCM recommended activities. Only different context



information, specific to each company or case, may lead to
different assessment of SCM activities based on the variety
and degree of the relevant SCM characteristics used, as dif-
ferent combinations can be possible when each context infor-
mation item is incremented or decremented according (0 the
particular situation of the company. Because we tried first (o
validate the applicability of the 5-axis model, our initial
conclusions are only derived from the comparison of the data
provided by the companies in the industry survey, butnot from
a single company, from which further analysis and deeper
conclusions we expect to derive using our model in any of the
companics analyzed in the industry survey.

Finally, we suggest several areas of improvement. In par-
ticular, as our approach can be used to assess a particular
company about the best practices or recommended SCM
aclivitics to use, the interdisciplinary systems ¢ngineering
area must define more specifically which context information
is more valuable to provide an accurate analysis of the SCM
needed for each particular case, in particular when dealing
with complex projects that involve different disciplines like
control or industrial engineering, Also, the standard Configu-
ration Management practice parallelize system engineering
tasks, and our facets can be used (o depict and assess for
allocating the development items, auditing, and testing prac-
tices (i.e., verification engineering) to achieve the desired
functionality. In addition, it would be interesting to explore a
relationship between our 5-axis model and CM concepts
implemented in well-known models and practices like
CMMi, COBIT, or I'TIL.,
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