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Abstract

The evolution of product family typically oscillates be-
tween growing and consolidating phases. The migration
path starts from a copy/paste approach that offers the fastest
time-to-market and then moves towards a mature software
platform that offers a higher throughput of products. We
have identified several issues that harm the evolution of the
family: new requirements that can break the architectural
integrity of the family, increasing level of bureaucracy in
the organization and a slower process of change. In this
article we present two approaches for coping with the fam-
ily evolution: architecture assessment and architecture re-
construction. We also present Nokia case studies where the
methods have been successfully applied.

1. Introduction

The concept of software product family originates from
the hardware industry where hardware product lines1 enable
the production of numerous variants of products and a sig-
nificative reduction of operational costs by sharing most of
the assets. In the recent years the software has become a
dominant part in an increasing number of embedded prod-
ucts and it is often affecting the quality and the delivery
time of the products. We can estimate that most of the
delays in the release of embedded products is due to soft-
ware rather than hardware faults. To cope with the multi-
tude of software variants required by an industrial product
line, the software assets have been organized in software
product families and, thus, the paradigm of product line has
been transferred to the software embedded in the products.
This paradigm shift has happened for most of industries pro-
ducing embedded products (like cars, consumer electronics

1For the discussion in this article software product line and software
product family can be considered synonymous.

and mobile phones) where they need to deliver a customized
software system for the various products.

A software product family is a collection of products that
share common requirements, features, architectural con-
cepts, and code, typically in the form of software compo-
nents. In this article we investigate the problems that affect
the evolution of a product family and we introduce two tech-
niques that we commonly use for coping with those prob-
lems: architecture assessmentandarchitecture reconstruc-
tion.

2. Product Family Evolution

Software product families are rarely created right away
but they emerge when the domain is mature enough to sus-
tain the long-term investments. The typical pattern is to start
with a small set of products (often just one). If the busi-
ness starts to generate profits or looks profitable in the fu-
ture, new products are introduced in the market. New prod-
ucts are typically copy pasted versions of the existing ones
with some additional new features. Most of the differences
are achieved at the software level, while the hardware plat-
form remains quite unchanged. On the wave of success, the
software embedded in the products becomes a global asset
that becomes in use in several sites worldwide at the same
time. Many sites embed the same software in their local
products and often make their own local modifications (e.g.
customization, updates, patches). As soon as the business
becomes more mature, new investments are needed for con-
solidating the software assets. At this point, the various set
of products are migrated towards a product family in order
to keep all the software variants under control. The migra-
tion process affects the software parts and the organization
as well. The organization needs to adjust its operating pro-
cedures to support the global management of the products
lifecycle (from requirements engineering to testing). The
software variants have to turn into a flexible platform where
the products of the family can be derived from in a more
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flexible way. We can identify five different patterns or ap-
proaches that appear at different stages of the evolution:

copy/paste: the software variants are created by copying
and modifying the existing products. It is the fastest
approach for creating a new product and it is typically
used when the organization is entering or creating a
new business. All the resources are focused in the
implementation of new features without a strict con-
trol redundancy that the variants create. This approach
minimizes the risks of development but it maximize
the entropy. This approach gives the highest flexibility
for creating new products and entering in a new mar-
ket. Verhoef et al. describes this process assoftware
mitosis[8].

configuration: The variability is embedded in the software
with a set of configuration parameters. The parameters
allow to enable/disable parts of the code, to select par-
ticular algorithms and to configure the modules. Al-
though the method is simple and allows to create nu-
merous variants from a small set of bases, it has several
drawbacks concerning the maintainability and evolv-
ability of the code.

component-based:the variable functionality of the soft-
ware is factored into separate software components
and assigned to different development teams with a
clear separation of concerns. The variants are achieved
by plugging different components into a common soft-
ware framework. The granularity of the components
can range from single classes to entire subsystems.
The correct granularity is often a trade-off between
the flexibility/maintainability: few large components
reuse more software but are harder to compose and
maintain, small components might embed too little
functionality. The correct size is often reached after
some time. The component-based approach has an im-
pact on most of the software engineering activities of
the organization, especially for the integration phase of
the components in the products. The component-based
approach can be considered a key milestone towards a
flexible product family.

platform: the concept of software platform emerges when
the organization starts to consolidate its experience in
a mature domain. The goal is to maximize the reuse of
the software components among the products and the
throughput of the family. The platform provides a co-
hesive set of services, libraries, software components
and product frameworks that are used for building the
products. The basic services (e.g. telecom protocols,
hardware drivers, graphical libraries, common appli-
cations) become globally available in a precise and

controlled way. But that’s not all. The platform be-
comes a well-defined entity in the organization with
its release plan, roadmap for the new features, coding
conventions, idioms, testing procedures, architectural
documents, training material. The development teams
are organized in a matrix structure. On one dimen-
sion there are thecomponent factoriesand theplatform
managementteam responsible for the development of
the software components and for the maintenance of
the platform. On the other dimension there is theprod-
uct developmentorganization responsible for the de-
velopment of the products. The crucial phase of the
product development is the integration where the dif-
ferent components have to be integrated in the coherent
way.

optimized platform: the optimized platform tries to over-
come with the integration problems of the platform ap-
proach. Most of the resources are spent during the in-
tegration of the platform components when architec-
tural mismatches or bugs have to be carefully analyzed
and solved by the component owners. The optimized
platform solves this problem by enabling the feature-
based derivation of the products. The platform offers a
rich set of configurable features. The product integra-
tor selects and configures the features to be included
in the product and the real integration is automatically
achieved by the platform. This has been envisioned in
our previous work [1].

In real product families the five approaches can coexist
at different extent. In a highly dynamic domain, the prod-
uct family is more directed in the direction of copy/paste
approach that offers the fastest time-to-marker. In a stable
domain, the platform approach is a better choice because
it maximizes the consolidation of the assets. Verhoef et al.
describes the same concept using thegrow and prune model
[8]. The product family is typically oscillating between
grow and prune phases. In the grow phase, the product fam-
ily is free of exploiting new opportunities without much ar-
chitectural governance using the copy/paste approach (this
leads to the software mitosis phenomena causing a large in-
crease of clones and variants). In the prune phase, the weak
branches of the family are removed and the successful prod-
ucts are re-organized in order to be consolidated in the fam-
ily (re-balancing the robustness and the governance that was
lost during the mitosis phase).

3. Product Family Architecture

We present a typical example of a Nokia’s product fam-
ily architecture. The main goal of the product family ar-
chitecture is to describe the commonality and variability of
the family in order to make explicit the variation points of
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the products. We use a conceptual hierarchial framework
for describing the elements of the product family architec-
ture. We can identify at least four layers of genericity: the
reference family architecturelayer, thefamily architecture
layer, thelead product architecturelayer and thecopy prod-
uct layer.

The reference family architecture describes the global
architectural style that is valid for all the products of the
family: architectural significant requirements, architectural
rules, patterns, component types, communication infras-
tructure, runtime issues. The architects can derive the soft-
ware architecture for the product families from the reference
family architecture.

The mobile phones are grouped into product families ac-
cording to the UI styles, features, telecom standards and
hardware generations. This represents a first level of varia-
tions where the products are grouped in macro-families (e.g.
GSM, TDMA or UMTS). For each product family, the fam-
ily architecture describes the services and features that are
available in the platform. They may include the protocol
stacks, the OS, the UI kernel, basic applications and hard-
ware drivers.

Each family contains a reference product implementa-
tion that we indicate as lead product architecture. This prod-
uct is considered to be the most typical one of the family.
It is derived from the family by copying the common ele-
ments from the family architecture and by instantiating the
abstract elements. The purpose of the lead product architec-
ture is to provide a reference architecture for the other prod-
ucts and to clearly document the variations points available
within the family.

At the bottom of the hierarchy, there is the copy product.
This is typically copied from the lead product and adapted
to the specific product requirements. This represent the fi-
nal product architecture and it is the starting point for the
development project (mainly focused on feature configura-
tion, integration and testing).

4. Product family issues

In the Section 2 we have presented five different ap-
proached for organizing a product family and in the Section
3 we have presented a typical product family architecture.
In this section, we discuss several problems that typically
concern the evolution of a product family.

4.1 Increasing Bureaucracy

The migration towards a product family is a process that
introduces bureaucracy in the organization. The software
process becomes more complex due to the introduction of
new procedures that have to be followed when creating a
new product or modifying the platform. Differently from

the uncontrolled growing phase, changes have to be well
documented and motivated. It also emerges a new hierarchy
of managers, architects, feature owners, component design-
ers that are responsible for preserving the integrity of the
product family architecture and for approving the changes.
Enforcing the architectural governance requires a certain
level of bureaucracy but this is also a threat for the flexi-
bility of the family. This tendency towards stiffness is often
opposed by practices that increase the flow of communi-
cation among different teams, for example by introducing
architects that are responsible for heterogenous technology
areas.

4.2 Slow process of change

There are cases when the change requests for new fea-
tures have to go through a long approval process. If we
consider the four-layer architecture of the Section 3, a typ-
ical scenario is the following. A new feature is detect by
the product development team at the lowest level. If it is
a local feature and it does not have an impact on the fam-
ily, it is just implemented in the local product. If it has a
possible impact on the family, the feature has to be passed
over and over to higher levels where its impact is carefully
assessed. In the worst case a change request may reach the
reference architecture level. This happens when the new
feature requires a critical change at the core of the family
(for instance, adding a streaming video functionality might
require changed in the operating system). At some point the
change request may be reject or delayed to avoid the nega-
tive impact that its implementation would have on the archi-
tecture. A slow process of change is an inevitable drawback
for avoiding features that could break the architectural in-
tegrity of the family.

4.3 Over-designed platform

The design of a new software platform is a long-term ac-
tivity where considerable resources are spent for designing
a generic-enough platform to support the long-term evolu-
tion of the product family. There is often the risk of design-
ing a platform that is too generic for what is really needed
by the products. There is a sort of auto-inducted tendency
of searching for the best software design that can handle
all the possible situations. This often leads to the creation
of far too complex software frameworks that are very dif-
ficult to instantiate. This tendency should be limited and
the design activity should investigate the good-enough ar-
chitectures rather than the best solutions.

4.4 Spaghetti dependency

A main goal of a product family is to share software
among several products. Since the owners of the software

3

Proc. of the International Workshop on Principles of software evolution (IWPSE 2003), Sept. 1-2, 2003, Helsinki, Finland



components (i.e. the component factories) and the users of
these components (i.e. the product development teams) are
different, for each product there is an inevitable network
of dependencies. Common problems are: the interfaces of
the components change without notice, long queues for the
change request of widely used components, the clients of
the components are unknown (the dependencies are often
only visible in the code). Moreover, software dependencies
can be easily mapped to human interactions among different
development teams and in a multi-site geographically dis-
tributed environment managing these interactions is a chal-
lenge. Minimizing and controlling the software dependen-
cies of the family is a key activity for the organization.

4.5 Feature reallocation

In the typical scenario the features of the product family
architecture are instantiated in the specific product architec-
ture. However, during the consolidation phase the features
in the products can be re-allocated to the platform. In this
case, it is necessary to move the implementation of the fea-
ture out of the product and integrated it with the platform.
This often happens when a feature that has been exploited
in one product has been successful and, thus, other products
want to use it. In this process, we need to ensure that the
feature can be supported in the entire family.

4.6 Cross-family reuse

There are cases when it is necessary to share software
components among different product families for reducing
development costs (for example, when migrating one prod-
uct family to the latest hardware that is already in used by
another family). The first problem is that there can be archi-
tectural mismatches among the families (e.g. different op-
erating systems) and these differences have to be assessed.
The second problem concern the ownership of the common
software. In many cases, it is possible that the product fam-
ily has little influence on the software development some-
where else. This situation often leads to a long integration.

4.7 Introduction of new requirements

In a dynamic market it is critical to handle the forth-
coming requirement in time. Even though the problem of
incorporating new requirements is not specific to product
family architecture, the process has to accomplish an even
more difficult task. The variability of the products must be
considered when evolving the architecture and it must be
carefully verified if a requirement for a product can lead to
break the product family architecture. In the analysis of the
forthcoming requirements must be ascertained how easy is
to add them to the current architecture and estimates the
work needed for the implementation.

5. Software Architecture Assessments for
Product Families

Architectural assessment is an essential part of the sys-
tem architecting process that is targeted to evaluate the de-
gree of fulfillment of quality, or non-functional, require-
ments. Recent research has focused on the application of
architectural assessment to software systems [7], [11], [2]
as well as to software product families [9], [12].

Currently, the literature about the issue of evolution is
scarce (with exceptions such as [4]), and there is no es-
tablished best practice that guides into this particular dis-
cipline.

Several architectural assessment practices and meth-
ods exist. Examples are ATAM [13], SAAM [10] and
experience-based assessments [3]. None of the existing
methods is specifically tuned for product family architec-
ture. Also, case study reports from industrial settings are
few.

Product families include products that share common re-
quirements, features architectural artifacts, and components
or simply code. The business reasons behind architecture
assessment can range among the following:

• Evaluate and improve the architecture of certain soft-
ware system, with special focus on qualitative at-
tributes.

• Evaluate the conformance of a software system to stan-
dards.

• Check whether certain qualitative requirements are sat-
isfied by the product family architecture.

• Identify the skills needed for implementing the system.

• Validate the partitioning for implementing the system
within a certain organization.

• Identify the risks related to a particular architecture.

Many of these are believed to be important side bene-
fits of assessments, which cannot be properly classified as
goals. However, these beliefs have not been experimentally
proved. The input of the architecture assessment is (ob-
viously) the available documentation and knowledge about
the architecture. Its primary outcome is the assessment re-
port. Optimally, the defects and shortcomings identified
during the assessments and captured in the report lead to
an improvement of the architecture and of its documenta-
tion. In the specific case of product families, architecture
assessment is usually done for different business reasons.
Software product families are designed to support several
products bearing different features. To ensure fast product
derivation, the software that is common to a certain prod-
uct family is ported in new products. This emphasizes the
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