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Abstract
The process of establishing a software product line and instantiating products from it is motivated, not only by tech-
nical reasons, but also by business reasons. The customer perspective reveals the importance of the basic function of
the products and helps us distinguish between product lines and product families. One single feature is never the
only difference between two products, but instead we can identify products on different feature levels. When
designing the product we identify that it is important to separate between conceptual components of the domain and
factual components that are part of the solution. Product lines must eventually lead to implementation and source
code. In order to achieve this, a wide range of implementation techniques is available. Which combination of tech-
niques that is the most appropriate is very much dependent on if the product is part of a product line or a product
family, and how the factual component relate to the other factual components. Hence, to be successful in developing
software product lines requires the application of knowledge about both the customer and the code.

1  Introduction
Software intensive products in serial production often come in different models with varying features, targeted at cer-
tain customer segments. Producers need to reduce costs and time to market to gain or keep market shares. The experi-
ence and knowledge in hardware product lines have provided the necessary cost reductions. While the features of
products are more and more implemented in software the costs of developing and maintaining the software have
increased its impact on the production cost per unit. This shift in production costs have lead to a need for reducing the
costs and lead time for software similar to the hardware development and the adoption of product line thinking in soft-
ware production. The vision is to reduce the cost of software development in a way similar to how hardware develop-
ment is performed. The problem is that some of the savings the hardware engineer can achieve in serial production of
thousands of units is not available in the same magnitude to the software engineer. The encouragement is that the
development phase of the software leaves opportunities for achieving cost and time-to-market reductions by working
smarter instead of harder.

The current approaches to software product lines have in common that they start with some definition phase, i.e. the
definition of the domain, commonalities, and variabilities. Different terminologies and methods may be used but in
essence it is defining the contents of the coming product line. In product line research it is often so that the concepts of
the product line domain are described as artefacts. As artefacts, they can be found or designed, modeled, analyzed, and
instantiated into products of the product line/family. The concepts are or seem important and promising in the pursuit
of software product line technology, but being software product lines, in the end, we must express it in source/binary
code. In this paper we address the issue of making high level concepts as features described at the customer level
need, in the end, to be transformed into the final representation of the software to be deployed. Our contribution is that
we present a perspective on software product lines that helps software producers to better understand the product line
concepts and how they differ from the concepts of software design and code crafting. This understanding, we believe,
will help in getting a more realistic view on software product line technology. 

In the next section we present a brief outline of the work and studies performed in the research group on which we
base the contents of this paper. In section 3 we discuss customer and producer perspectives on the product line. The
step towards the products is discussed in section 4 where we discuss the concepts of components and features. In sec-
tion 5 we arrive at the code crafting level where we present the how the variabilities can be implemented in relation to
the perspectives presented in previous sections. Section 6 we present some related work and the paper is concluded in
section 7.

2  Previous Experience
Our knowledge of the technical aspects of product line development is based on previous case studies at Axis Com-
munications AB [Svahnberg & Bosch 99a] and Ericsson Software Technology [Svahnberg & Bosch 99b], but is not
limited to this. Axis Communication is a partner in a research project together with the university so there is a contin-
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uous flow of information from this site, and Ericsson Software Technology is closely located and there is a natural and
likewise constant information flow between the staff and researchers at the university. Below, we present the two
companies in further detail.

Axis Communications
Axis Communications is a relatively large Swedish software and hardware company that develops networked equip-
ment. Starting from a single product, an IBM print-server, the product line has now grown to include a wide variety of
products such as camera servers, scanner servers, CD-ROM servers, Jaz-servers, and other storage servers.

Axis communications has been using a product line approach since the beginning of the ‘90s. Their software product
line consists of reusable assets in the form of object-oriented frameworks. Currently, the assets are formed by a set of
13 object-oriented frameworks, although the size of the frameworks differs considerably.

The company uses a standard view on how to work with their software product line, even if their terminology might
not be the same as is used by academia. A product line architecture, in Axis’ eyes, consists of components and rela-
tions. The components are frameworks that contain the component functionality. We feel that this is a useful usage of
the framework notion, since each component covers a particular domain and can be of considerable size, i.e. up to 100
KLoc. However, when comparing it to the traditional view [Roberts & Johnson 96], frameworks are usually used in
isolation, i.e. a product or system uses only one framework. In the Axis case, a framework consists of an abstract
architecture and one or more concrete implementations. Instantiation of the framework is thus made by creating a con-
crete implementation by inheriting from the abstract classes, and plug this into place in the product.

Further info on how the product line is maintained, and the issues concerning this is presented [Bosch 99a], [Bosch
99b], [Svahnberg & Bosch 99a], and [Svahnberg & Bosch 99b].

Ericsson Software Technology
Ericsson Software Technology is a leading software company within the telecom industry. The company is located in
southern Sweden, and employs 800 people. Our study was conducted at the site in Ronneby, which is closest to the
University. This section of the company has been developing a software product line (the Billing Gateway) for con-
trolling and handling billing information from telecommunication switching stations since the beginning of this
decade. Whereas the software product line in Axis Communications is centered around products for the consumer
market, the product line in Ericsson Software Technology is focused on developing products for large customers, so
there is typically one customer for each product released from the software product line.

Also Ericsson uses a standard view on product line development that is similar to that of Axis, the differences are
mainly a question of terminology. The Billing Gateway is constructed from a number of frameworks, that in turn con-
sists of an abstract framework and a number of concrete implementations, as is the situation at Axis as well.

[Mattsson & Bosch 99a], [Mattsson & Bosch 99b], [Mattsson & Bosch 98], and [Svahnberg & Bosch 99b] discuss the
company and the Billing Gateway product further.

3  Customer and Producer Perspectives on software product lines
A problem when establishing a product line is how to deal with the variations between the products. One approach to
deal with the variability of a product line is to do application domain analysis and specify the variabilities. When fol-
lowing this approach the possible variations practically explode into unmanageable numbers. The solution is then to
set the scope of the product line and thus limit the number of variation points in the product line.

In the scoping method PULSE-Eco presented in [Debaud & Schmid 99] the scoping rationale is to find the feature set
and products that should be included in the product line to maximize the benefits for the producer of the product line.
The input for the method is provided by the stakeholders and it is explicitly mentioned that marketing provide input
about the market and its customers. The most important reason that it is different than other scoping methods is that it
instead of the application domain, focus on the potential products. This way the variations to deal with are only the
relevant ones, since they stem from relevant products. The scoping method is biased towards the producer benefits,
and leaves it to the user of the method to include the correct stakeholders to address the customer perspectives. Also
the method seem to focus on products where the customer is identified and communicated with. In a consumer prod-
ucts market each product in the product line has multiple customers and direct communication with each customer is
prohibitively expensive.

In [Dikel et al 1997] a number of principles for succeeding with product lines are presented and used to categorize
experiences with product line development. The first guideline is simplification, and it is clearly visualized in figure 1
in that article that this simplification is best done by concentrating on the customer values of the products in the prod-
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uct line equal to the production values of the product line. It cannot be overestimated since the whole idea is to do bet-
ter business and the customers are our business. To establish the product line means understanding and controlling the
relations between the products in terms of its common parts and variation points.

How the products relate
Products in a product portfolio relate to each other in two ways when taking the perspective of the basic function of
the products. The first way is that products of the portfolio have the same basic function, and are designed intention-
ally to be mutually exclusive to the customer. We call this the product line. The second way is that products of the
portfolio have different basic functions and are intentionally designed to be each other’s complements. From a cus-
tomer perspective this means that:

• The product line provides the customer with a selection of products that perform the same basic function, ranging
from low-end to high-end (top-of-the-line). The value to the customer is the variations of the product line, like
variations in interoperability features, extra features and scalability support. The customer can select a product that
suites the needs well without having to pay for many, for this customer, unnecessary features. Some examples from
PC/Windows: Notepad, Wordpad, Works, and Word.

• The product family provides the customer with a selection of products that perform different basic functions. The
customer tailors a solution by buying and combining a set of products. The value to the customer is that the prod-
ucts bought should interoperate well and that the bought solution can be extended at a later stage. In this approach
the customer can solve a more complex problem by integrating multiple products from the product family. Some
examples from PC/Windows are the Office suite with Excel, Word, Access, PowerPoint, and Outlook.

From a producer’s perspective product lines and product families are similar on a more abstract level, but the some
technical differences exist.

• The product line allows the producer of the product portfolio to maximize reuse of the implementation of the basic
function. The value to the producer, and also in the end to the customer, is the reduction of production costs.

• The product family allows the producer to reuse the implementation parts the products that support interoperability
between the products. Often these implementations are communication protocols and file format manipulation
functions. The value is that these pieces of software often are complex and costly to implement and maintain but in
well designed and well packaged cases quite easy to reuse.

Benefits of the categorization
Product line technology have one primary goal; realizing products. In software product lines this means implementing
and integrating the software to a functioning product. The plethora of available techniques for doing this, and the
impact and consequences of which technique you choose, highly motivates a careful choice. Some techniques are very
suitable for interoperability and others are more suitable for implementation reuse of basic functionality. Making use
of the presented categories allows the architects, designers and code crafters to make better choices.

Of course, the real world is not as simply as this. Sometimes it is a mix between both of these, or seemingly neither of
these. In some cases the products of the portfolio have similar underlying technologies. In the Axis case the products
of the portfolio have not been designed as a product family or product line from start. It is hard to categorize as either
a product family or a product line. The products in AXIS’ portfolio is very communication intensive (Web-cams, print
servers, storage servers, etc.), i.e. interoperability is really important to the customers of their products. For example, a
storage server is of no value if it is not capable of interacting with any clients. This leads us to believe that it is product
families by the categories above. However, in AXIS’ portfolio we also find SCSI server, JAZ server, etc., products
that appear to have the same basic function, i.e. storage, and should then be considered product lines.

4  Product Instantiation
Products must be developed to realize the benefits of the product line. A promising approach is to use component
based development to realize the products. It has long been recognized that it is beneficial to develop large software
programs by dividing the programs into several smaller components [McIlroy 1969], that together perform the task at
hand. In product lines an attractive approach is to componentify the features as components and instantiating the prod-
ucts by integrating the components that implement the wanted features. There is however several problems that pro-
hibit this in practice.

Conceptual and Factual Components
Stemming from the traditional single-product development, software is usually divided into components by means of
identifying subsystems. Typical subsystems in a software product are external communication, application logic, stor-
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age abstraction, and storage. Consider, for instance, an application with a GUI, a server, and a database. Another
example is the products at Axis, where you have network communication, network file system protocols, and file sys-
tems.

In designs like these features provided by the system is orthogonal to the components of the system. Should the sys-
tem provide feature A, must most or all of the components from external communication interface down to storage
include source code to implement a part of this feature. As long as there is only one product to maintain, this is not
such a major problem, but when feature A is the difference between one product in a product line and another product,
the impact on most of the components in the system become a serious problem. Especially, when the number of prod-
ucts and feature variations increase. An alternative is to try and encapsulate the features into components, and thus
achieving more localized impact when including or excluding features in products. The problem, however, is then that
the componentized features need a certain function, e.g. persistency, and implement this in different ways, and thus a
set of feature components provide different implementations of persistency. The result is redundant code.

We have observed that products of a product line rarely differ on one single feature. Instead, we can identify that most
products of product lines have a set of features in addition to the lower level sibling. This set of features we call fea-
ture levels. The difference in features make up the feature levels and the rationale for what becomes a feature level is
determined when the right balance between technology possibilities, production considerations and customer/market
demands have been found.

By considering the feature levels further, it becomes more clear that the features are unsuitable component candidates
and nor are the feature levels. The problem with features as component candidates is that the are too fine grained and
in common with features levels as component candidates is the orthogonal dependencies to other conceptual compo-
nents. The problem of orthogonal dependencies is also identified in [Österbye 99]. In [Bengtsson & Bosch 99] we
experience a very similar situation, i.e. that the concepts of the domain do not make for the best component abstrac-
tions in the application architecture. Instead, it is more abstract concepts that allow the architect to build the applica-
tion to support the domain concepts.

On the overall architecture of the entire product line we need less detail and more information about the features. In
this situation it may be more useful to talk about features as conceptual components, which may be selected with
domain coherence in mind and division of labour. Our wish to assemble as much as possible of the products from the
components that exist in the product line, however, force the components to be created with the different feature levels
in mind. We call these components factual components, and because they are the one that is implemented in the prod-
uct. Figure 1 illustrates this concept further. 

Matrix design
The design that stems from this division into conceptual and factual components is best described as a matrix design,
where the conceptual components constitute one axis, and the factual components, or rather the feature levels they
represent provide the other axis.In Figure 1 an outline of the matrix design is presented, where the conceptual compo-
nents represent the horizontal axis and the factual components the vertical. We also see that the factual components
are divided into feature levels, such as low-end, middle-end and high-end. Thus, product line variability is achieved
by selecting the correct feature level. In addition, one of the conceptual components in the example exists in more than
one instance, which is how product family variability is achieved. This is an ideal situation, where product families
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can reuse components between each other. In such cases, the differences between product families can be expressed as
components in the product line architecture.

The figures 1 & 2 present a idealistic view to illustrate the principle, but in the concrete case we are likely to find rela-
tions between factual components that belong to different conceptual components. Also, component implementation
constraints will exist, where, for example, the factual component of a feature level requires a different implementation
of the factual component in a lower feature level. These exceptions are responsible for several of the problems related
to product line technology, and, by making the distinction between the conceptual component and the factual compo-
nents, we have the possibility to limit both the impact and occurrences of the problem. 

Another implication is the desire to reuse code. We have identified three different reuse situations, as discussed below.

The first form of reuse is that of conceptual components, i.e. the components from one product family should be reus-
able in another product family. Reuse of this type is mostly achieved after a feasibility study, where it is first noticed
that the conceptual components in the new product family match those in another, and also that the interfaces are sim-
ilar enough.

The second form of reuse is that of feature levels, i.e. that to transfer to a more advanced feature level is just a matter
of extending a lower feature level with some new classes. However, this situation is not as easy to achieve. Many
times, the introduction of one additional feature has impact on all of the other features as well. For instance, in a read-
only file system framework, e.g. a CD-ROM file system, access control and caching are all optimized and designed
for read-only access. Adding the feature writable media, such as a hard disk, has impact on both access control as well
as caching. In these situations there are parts of previous features that need to be replaced with the introduction of
additional features.

The third form of reuse is that of product families, i.e. the factual components in one conceptual component should be
reusable in another conceptual component that is supposed to fulfil the same contract towards its environment.

What this all implies is that the factual components are designed from a common core, that is then extended with addi-
tional functionality, much like a software framework. This common core is reusable over several factual components
supporting different feature levels, as well as over several conceptual components, supporting different product fami-
lies. Figure 2 illustrates how the core of a factual component is ideally extended with functionality pertaining to differ-
ent feature levels, and how the interface is in fact an aggregate of all the extensions. This last point is very important,
since we cannot expect to fit more features into a component without duly extending the interface to provide the new
feature.

5  Realization in Source Code
When it is time to realize the design into source code, there are a number of variation types to consider. Firstly, prod-
uct line variations have certain characteristics. Secondly, product family variation holds other characteristics. Thirdly,
using object-oriented frameworks as components implies that more than one framework implementation can be
present in the system simultaneously, for instance as implementations of different network protocols. The variability
ensembles with the reusability, meaning that as little as possible should be replaced and rewritten to achieve variabil-
ity in any of the dimensions. This implies that components should be designed using a common core, as illustrated in
Figure 2, where this core is common for all products in the product line and product family, and also for all the com-
ponent implementations in every product. Figure 3 illustrates the different dimensions, extending on the concept of a
matrix design.

In [Jacobson et al. 97], a summary of the available techniques for achieving variability on the source code level is pre-
sented. The techniques identified are:

Core

Feature Level α

Feature Level β

Figure 2. Reusing core functionality in a component
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• Inheritance, is used when the variation point is a method that needs to be implemented for every application, or
when an application needs to extend a type with additional functionality.

• Extensions and extension points, is used when parts of a component can be extended with additional behaviour,
selected from a set of variations for a particular variation point.

• Parameterization, templates and macros are used when unbound parameters or macro expressions can be inserted
in the code and later instantiated with the actual parameter or by expanding the macro.

• Configuration and Module Interconnection Languages, are used to select appropriate files and fill in some of the
unbound parameters to connect modules and components to each other.

• Generation of derived components is used when there is a higher level language that can be used for a particular
task, which is then used to create the actual component.

By parameterization is meant that a component or a class is given some initial values that regulates how it is to work.
This can be things like a base value, or even a parameter type. A related concept is code generation . In parameteriza-
tion the source code is written in traditional ways, and finalized using some parameters, either at compile-time or at
start-up time. In code generation, the source code is created as a consequence of a number of choices of the software
engineers, and is thus hard-coded to a particular set of parameters.

Two of the techniques related to parameterization are templates and ifdefs, both language constructs in C/C++. Tem-
plates is a mechanism by which the choice of types to operate on is delayed until a class is used, rather than when it is
created. For instance, we can have a class “LinkedList”, that is written so that it uses a template. When the linked list
is later used in a program, the template class type is replaced with a particular type, for instance “Word”, which thus
creates a linked list of words. Preprocessor directives is another feature of C/C++, which enable a more fine-grained
configuration management. Parts of the source code can be surrounded by so called “ifdef” statements, which means
that they can at compile-time be included or excluded from the compiled code.

By configuration is meant the process in which source code is selected from a code repository and put together to
form a particular product. Module Interconnection Languages is one way of describing configurations. Once the cor-
rect files are selected, more advanced configuration management tools can also perform some of the parameterization
The final configuration is performed by the compile utility, using for instance make files.

Inheritance is the standard object oriented way of extending a class with more behavior by inheriting from it and add-
ing the extra behavior. This allows for variability by reusing everything that is common to the new application and
only replace or extend with those things that differ. Extensions and extension points is a more planned way to use
inheritance, where several implementations (i.e. classes that are inherited and implemented from an abstract base
class) can coexist in one application.

Applicability to Product Line Development
Below, we discuss the variability techniques in further detail, by inspecting their applicability to the different dimen-
sions in Figure 3. 

Component Variation. It is common that components are in fact object-oriented frameworks, consisting of an
abstract framework and a number of concrete implementations. These concrete implementations can, for instance, be
different network standards, different file systems standards, or different data processing units. This is the standard
view both at Axis Communications and at Ericsson Software Technology. Implementing the abstract framework is not
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the main issue here. Rather, the fact that each framework implementations can consist of several 100 KLOC, and that
many functions that the different framework implementations are similar, and thus can be reused, is a more trouble-
some topic.

Basically, there are two places where common source code can be put. Either the code is put into the abstract frame-
work, but that requires that the code really is common to all possible implementations. The other option is to put the
code in a stand-alone component. A third option exists; namely to use the configuration management tool and put the
commonalities in a subsystem that can be included in every component implementation. Connecting the commonali-
ties with the variabilities is done using inheritance and, possibly, extensions. To some extent, parameterization can
also be used, for instance by having template classes in the common code that is instantiated with classes from the
varying code.

Product Line Variation. As previously mentioned, variation in this dimension is that the existing components are
extended with additional features. Ideally, this implies that the source code for all feature levels lower than the desired
level remains and is used, and that the additional functionality is plugged in as illustrated in Figure 2. These plug-ins
are then additional factual components that are simply added in to the product code tree. However, the situation is
rarely that simple. Different features inter-operate, and the addition of one feature may drastically alter the behavior of
other features, that may be on a lower feature level.

Configuration management plays a substantial role in the extension of a product line with additional products. In the
ideal case, it is just a matter of retrieving the factual components representing the desired feature level from the source
code repository. It gets slightly more complicated when the fit between the feature levels is not perfect, i.e. that a
higher feature level needs to replace classes in a lower level. In these cases, it is also required that the components are
retrieved in the correct order. However, a solution where functionality is overloaded in this way introduces a number
of other problems such as code redundancy, i.e. that bug fixes needs to be done in the original source code and in all
code overlays. It also imposes problems with regards to the development cycle, specifically how to distinguish what
belongs to the overlay, and what is simply bug fixes to the original code.

Inside the code, inheritance is the predominant way of extending the behavior of the classes for a new feature level,
even if it may be possible for some functionality to be added as stand-alone classes. If the extension points are identi-
fied at an early stage, some parameterization, in particular templates, can also be of use. In such cases the template
classes reside in the components for lower feature levels and are focused on providing hooks for higher feature levels.

Product Family Variation. Typical for product family variation is that entire conceptual components are replaced,
and whatever reuse is possible is depending on the degree of commonality that the new product family holds with pre-
vious product lines. The variability challenges here is thus that the reused components need to adapt to possibly differ-
ent interfaces, and perhaps also a mismatch in how the new product family is divided into feature levels, compared to
the previous product portfolio.

Again, we see that configuration management is the major technique for retrieving the correct component implemen-
tations from the code repository. This includes the correct conceptual components, the correct factual components,
and the correct component implementations for building the particular product. Since the interfaces of the product
family specific conceptual components may not agree between product families, the reused components must be able
to cope with this, provided that the reused components call the product family specific components. In C++ there are
two ways of parameterizing the source code for this situation; either by use of templates, or by use of ifdefs. The tem-
plate classes are then inserted into the reused components on the interface towards the product family specific compo-
nents. Using ifdefs is done in a similar fashion, but has a number of disadvantages as compared to templates. Adding
one new ifdef is no problem, but for a new variation, i.e. product family, to be incorporated, tens if not hundreds of
ifdefs needs to be inserted, in the worst case scattered over several components. Not only does this make it hard to fig-
ure out where to insert the ifdefs, it is also difficult for the developers to see what code is actually compiled and exe-
cuted in a product.

Summary of techniques used
In the discussion above we primarily use three techniques: configuration management, design patterns (i.e. Inherit-
ance and Extensions), and parameterization (i.e. templates and ifdefs). These are used on a sliding scale, as is illus-
trated in Figure 4. For achieving product family variance, the most important tools are configuration management and
parameterization, whereas product line variation is more achieved using a combination of design patterns and config-
uration management. It is rare to use parameterization for achieving product line variability, but it can occur. On the
component level, finally, configuration management has played its part and is on this level almost not used at all.
Instead, design patterns and some parameterization is used on this level.



8

Common to all of these techniques is that they are no longer concerned with design, but are instead working with the
source code, and that the techniques are not equally applicable to every situation. Thus, the perspective of product
families as an orthogonal entity to product lines is a valuable discriminator when considering what particular variation
mechanism to use.

6  Related Work
It is recognized that product line development is a natural step towards reusability of source code and staff skills (e.g.
[Bass et al. 97][Bass et al. 98a][Bass et al. 98b][Linden 98]). However, there is still some misconception as to how the
terms product line and product family should be used, and how they differ. In our work, we try to create a clarification
of the differences between product lines and product families which yields, in our opinion, a clearer view of how com-
ponents in the software product line may and should differ, something which we also take advantage of when discuss-
ing the technical solutions for achieving variability in the final source code.

In [Dikel et al 1997] conducted a study at Nortel, examining the success factors for Nortel’s newly created product
line architecture. They identified six factors which they considered critical and evaluated the product line architecture
with respect to these six factors. For each of these, a rationale is presented, and an example of how the company of the
study works with respect to that factor. Similarly, [Macala et al. 97] reports on product line development in the
domain of air vehicle training systems. From the experiences gained, seven lessons and 13 recommendations are
given, which are mostly concerned with project management. Compared to [Dikel et al 1997], this study is on a more
detailed level, presenting guidelines for the micro-processes whereas Dikel et al. presents more top-level management
advice. The guidelines presented by these two studies are of a management perspective, whereas our contribution is to
use the business rationale as a start for a more technical discussion on how the actual source code should be instru-
mented in different situations, i.e. how to deal with variability.

The main challenge today in product line development is how to design the product line so that variation and variation
points can be introduced together with new products. A number of approaches exists to achieve this. For instance,
[Jacobson et al. 97] takes a technical perspective, presenting the solutions to variability available in the programming
languages. Other sources are [Conradi & Westfechtel 98] that discuss available configuration management techniques
and tools, and [Gamma et al. 95] that presents and discuss design patterns, which is a way to, on a higher level than
[Jacobson et al. 97], describe, among other things, variability. Our stance with regards to these is that we study the
ways in which their work is best applied to product line development.

Throughout our work we view components as object oriented frameworks. This we base on industry observations, our
own as well as those of our colleagues, e.g. [Svahnberg & Bosch 99a][Svahnberg & Bosch 99b][Bosch 99a][Bosch
99b][Mattsson & Bosch 98][Mattsson & Bosch 99a][Mattsson & Bosch 99b]. Object oriented frameworks has been a
recognized way of achieving software reuse for quite some time now, and naturally the discussions also concern vari-
ability. For instance [Roberts & Johnson 96] present what they call “hot spots”, i.e. places where the framework is
likely to change for every new release and usage.

7  Conclusions
In this paper we take a customer-to-code approach towards product line thinking. Starting with why a product line is
initiated, we come to the conclusion that there is a difference between product lines and product families. This differ-
ence is important in order to understand the types of variations that can be expected. As a consequence of these two
dimensions of variability we present a matrix design, consisting of conceptual components in one axis, and factual
components in the other. From this perspective we present the available techniques for achieving variability on the
source code level, and discuss how well they are suited in different situations. We draw the following conclusions:.

Configuration
Management

Design Patterns

Product Family Product Line Component

Parameterization

Figure 4. Significance of different variability techniques
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• It has clear benefits to categorize the product portfolio into a product line or a product family. Different types of
variation of the products in the portfolio, wether it is a product line or a product family.

• Designing the product line architecture to have every feature as a component is not feasible. Instead, feature levels
should be considered, i.e. levels of functionality that maps to the different products in the product line. We distin-
guish between the conceptual components found in the domain and the factual components that are parts of the
implementation.

• A better choice of implementation techniques can be made when we know if the products form product line or a
product family, and by understanding that the domain concepts is not suitable to be factual components.

The contribution of this paper is that it sheds light on the importance on the customer perspective, as an important
guidance to understand the product line mechanisms and the conditions for how it can be realized in source code.
Neglecting this perspective will leave the product line owner with a potential explosion of technically viable varia-
tions and a plethora of available implementation techniques, and little means to make an intelligent selection between
them.
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