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Abstract

In a software product family context, software architects
design architectures that support product diversification in
both space (multiple contexts) and time (changing contexts).
Product diversification is based on the concept of variabil-
ity: a single architecture and a set of components support a
family of products. Software product families need to sup-
port increasing amounts of variability, leading to a situation
where variability dependencies become of primary concern.
This paper presents (1) a formalization of variability depen-
dencies and (2) a case study in designing a program moni-
tor and exception handler. The case study uses the formal-
ization to describe variability dependencies in constraint
specification language style and shows that architectural
robustness is related to the type of variability dependencies.

1. Introduction

Composing software products from software compo-
nents is not a recent concept. Early work on software com-
ponents already appeared three and a half decades ago [1],
followed by the idea to develop so-called program fami-
lies [2]. This has evolved into practical software engineer-
ing approaches that share the ability to promote software
reuse across many products. An example of software reuse
in practice is the successful adoption of software product
families in industry. The goal of the software product family
approach is the systematic reuse of core artifacts for build-
ing related software products. A software product family
typically consists of a product family architecture, a set of
components and a set of products. Each product derives its
architecture from the product family architecture, instanti-
ates and configures a subset of the product family compo-
nents and usually contains some product specific code [3].

When developing a software product family, software ar-
chitects try to prepare the family architecture for different
product contexts, i.e., they prepare the architecture to sup-

port product diversification. Product diversification is based
on the concept of variability and appears in all family ar-
tifacts where the behavior of an artifact can be changed,
adapted or extended. Examples of variability are a config-
uration wizard to select the language or a license key en-
tered by the customer to enable (or disable) particular func-
tionality. Variability is implemented by delaying design de-
cisions to a specific moment in the software development
process, meaning that variant selection is delayed until a
particular development or deployment phase such as imple-
mentation or run-time is reached. A typical example of a de-
layed design decision is a software system that dynamically
adapts its run-time behavior by binding modules on-the-fly.
The software architecture of such a system is dynamic - it
is neither static during development nor at run-time. Design
decisions can not be delayed beyond run-time, which im-
plies that dynamic software architectures [4] are an extreme
form of variability. Even a conditional expression is some-
times considered as a form of variability, meaning that vir-
tually all software architectures exhibit a certain amount of
dynamic behavior.

1.1. Variation points

So-called variation points have been introduced in [5]
and are often used to express variability. A variation point
refers to one or more delayed design decisions, has as an as-
sociated set of variants and indicates a specific moment in
the development process. A typical example of a variation
point is the preprocessor directive shown in Figure 1. The
variation point in this example provides a choice in soft-
ware operation mode, the available variants are embedded
and simulation mode and the actual selection of a variant is
delayed until the source code is compiled. In other words,
the design decision ‘operation mode’ is not taken prior to
compilation, meaning that the consequences of this deci-
sion should only affect the development phases that come
after compilation.

As also discussed in [6], all design decisions are still
open when developing a system from scratch, but they are
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#define EMBEDDED /* SIMULATION */

#ifdef SIMULATION

#include <stdio.h>

#endif

#ifdef EMBEDDED

#include <drivers.h>

#endif

Figure 1. Variation point for selecting ei-
ther embedded or simulation mode during
compile-time.

not left open intentionally. In other words, they do not refer
to a particular variation point and are therefore implicit. De-
sign decisions become explicit in the development process
when the corresponding variation point (or points) is iden-
tified, i.e., when it is taken into account that specific vari-
ants may occur. A variation point is in an unbound state as
soon as it is identified and as long as a particular variant has
not been selected from the set of variants associated with
this point. The variation point is bound when a variant is se-
lected and incorporated into the system. A variation point
is therefore in one of the following states at a given mo-
ment in the development process:

• Implicit: the design decision is not identified, but is ac-
cidentally left open;

• Explicit: the design decision is identified and inten-
tionally left open:

– Unbound: no variant has been selected from the
set of variants associated with the variation point,
i.e., the design decision is open until it binds a
variant;

– Bound: a particular variant is selected from the
set of variants associated with the variation point
and incorporated into the system, i.e., the design
decision is final.

1.2. Domain and application engineering

There are two relatively independent development cycles
in software product family engineering, namely domain and
application engineering. Domain engineering is responsible
for the design, development and evolution of the reusable
artifacts such as the product family architecture and shared
components. Application engineering, on the other hand, is
about adapting the product family architecture to the archi-
tecture of the required product. In short, domain engineer-
ing prepares for product diversification and application en-
gineering is the act of product diversification itself.

1.3. Variability dependencies

Product families need to support increasing amounts of
variability. System functionality and system properties such
as safety, security, reliability and usability move away from
mechanics and electronics to software and become an in-
tegral part of the variability infrastructure. In addition, the
number of products in a product family tends to grow, which
makes the variability infrastructure more fine-grained and
therefore more complex. The increasing amount of variabil-
ity leads to a situation where variability engineering be-
comes of primary concern in software development. The
number of variation points for industrial product families
may range in the thousands, which is already a challenging
number to manage, but the number of mutual variation point
dependencies typically has an exponential relationship to
the number of variation points. Particularly this exponen-
tial relationship illustrates that systematic approaches are
necessary for properly managing variability. Systematic ap-
proaches require an easy to use and and easy to understand
formalization of the variability concept to describe depen-
dencies in an unambiguous manner.

We detail a case study in representing variability in a
family of Magnetic Resonance Imaging (MRI) scanners de-
veloped by Philips Medical Systems in [7]. The MRI case il-
lustrates how variability can be made an integral part of sys-
tem development at different levels of abstraction and iden-
tifies several research questions. This paper attempts to an-
swer one of these questions: what types of variability de-
pendencies exist in software product family engineering?

1.4. Outline

The next section suggests a formalization of variability
dependencies. The formalization is used in a case study in
designing a program monitor and exception handler in sec-
tion 3. Future and related work is surveyed in section 4 and
5, respectively. The paper is concluded in section 6.

2. Formalizing variability dependencies

This section suggests a variability nomenclature and a
taxonomy of variability dependencies.

2.1. System variability

Software product family engineering is character-
ized by two main types of development, namely devel-
opment with an embedded perspective and development
with a non-embedded perspective. Unlike non-embedded
software, embedded software is typically (very) hard-
ware dependent. For example, the display size of mo-
bile phones in pixels depends on the manufacturer and
sometimes even varies within a particular product fam-
ily. The different display sizes are hardware variants and
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each variant requires a specific display driver. These hard-
ware variants have to be supported by a variation point
in the mobile phone software, i.e., the software de-
pends on the choices in hardware and the hardware can
only function properly when the right software is se-
lected.

Product families are often embedded systems that
strongly depend on hardware, but this is hardly ad-
dressed in presentations of ideal applications. Due to de-
pendencies between soft- and hardware, the concept of
software reuse in an embedded system typically over-
estimates the flexibility of software. Supporting the dif-
ferences in hardware is called the hardware challenge
in [8].

In academia, system development is often considered as
being independent from the hardware - it is assumed that the
software does not have to take the hardware into account.
However, organizations that develop complex systems tend
to use a more generalized approach where system develop-
ment comprises both soft- and hardware aspects. The reuse
infrastructure in a product family may consist of only soft-
ware or a combination of soft- and hardware. This is also the
approach taken by, e.g., the CAFÉ project (from Concept
to Application in system-Family Engineering). The focus is
on software, but in a soft- and hardware context. See [9] for
more information on CAFÉ and similar projects.

As detailed in [7], we have identified (at least) two types
of software variability in relation to the hardware configu-
ration of a system:

• Hardware neutral variability: software variability inde-
pendent from the hardware configuration, e.g., multi-
ple language support in a mobile phone;

• Hardware enforced variability:

– Software variability that depends on the hard-
ware configuration, e.g., text output formatting
depending on the display size;

– Software variability that is required to enable the
hardware configuration, e.g., display drivers.

Literature on variability most often refers to hardware
neutral variability - it generally assumes that variability
originates from software and not from the combination of
soft- and hardware. We refer to software variability as the
combination of hardware neutral and hardware enforced
variability, i.e., system variability. Please note that embed-
ded software implements both hardware neutral and hard-
ware enforced variability.

2.2. Describing variability

Binding a variation point involves establishing a rela-
tionship between the variation point and the selected vari-
ant. This relationship may imply certain dependencies (con-
straints), e.g., a system generally requires that specific vari-
ation points are bound to have a working, minimal system.

There can be many different types of dependencies and pin-
pointing them requires a more formal way to describe vari-
ability. We use a notation that has many characteristics of
a constraint specification language. Constraint specification
languages have been developed outside the immediate soft-
ware engineering research community such as the configu-
ration management community and have been used in prac-
tice for several decades now. See, e.g., [10]. Please note that
we are trying to pinpoint the different types of variability
dependencies and that we use a constraint specification lan-
guage as a tool to prevent ambiguities - a constraint spec-
ification language is a means and not a goal in itself. The
following nomenclature aims for describing variability in
system-independent terms, i.e., independent from a particu-
lar system, method or organization:

• The set of all variation points:
V P = {vpa, vpb, vpc, . . .}

• The set of variants for vpx:
vpx = {vx1, vx2, vx3, . . .}

• The power set (the set of subsets) of all variants:
V = {{va1, va2, va3, . . .}, {vb1, vb2, vb3, . . .},
{vc1, vc2, vc3, . . .}, . . .}

• A relationship between vpx and vxn (vpx binds vxn):
(vpx, vxn)

Dependencies between variation points and variants can
be expressed in the form of conditional expressions:

• if vpx is bound then vpy should be bound:
if vpx then vpy

• if vpx is bound then vpy should bind vyn:
if vpx then (vpy, vyn)

• if vpx binds vxn then vpy should be bound:
if (vpx, vxn) then vpy

• if vpx binds vxn then vpy should bind vym:
if (vpx, vxn) then (vpy, vym)

Dependencies may involve negation, meaning that the
condition and expression of the if-then statement can ex-
clude variation points or variants from binding. For exam-
ple, if vpx binds vxn then vpy should not bind vym is ex-
pressed as if (vpx, vxn) then ¬(vpy, vym). A relationship
between a variation point and a variant may impose depen-
dencies on other variation points and variants. For example,
if vpx is bound then both vpy and vpz should also be bound
is expressed as if vpx then (vpy ∧ vpz). Similarly, if vpx is
bound then vpy or vpz or both should be bound is expressed
with the inclusive OR operation as if vpx then (vpy ∨ vpz).
To complete the nomenclature, the exclusive OR operation,
meaning that either vpy or vpz is bound, is written as if vpx

then (vpy � vpz). Table 1 summarizes the logic operators
in the variability nomenclature.

Proceedings of the Fourth International Conference on Quality Software (QSIC’04) 
0-7695-2207-6/04 $ 20.00 IEEE 



Operator Description Input 1 Input 2 Output

¬ negation false n.a. true

true n.a. false

∧ AND false false false

false true false

true false false

true true true

∨ inclusive OR false false false

false true true

true false true

true true true

� exclusive OR false false false

false true true

true false true

true true false

Table 1. Logic operators in the variability
nomenclature.

2.3. Taxonomy of variability dependencies

Binding (or not binding) a variation point generally im-
poses dependencies on other variation points and variants.
As shown in Table 2, we have identified four main types of
variability dependencies, each of which consisting of four
subtypes. Each type has specific characteristics, e.g., a de-
pendency between variation points has consequences that
are different from a dependency between variants. In ac-
cordance with the concept of system variability, the taxon-
omy relates to both hardware neutral and hardware enforced
variability, e.g., binding a hardware variant may impose de-
pendencies on a software variation point. Please note that
binding a variation point is not a dependency, but a relation-
ship that may impose or is subject to dependencies instead.

3. Case study: PMEH

This section discusses a case study in designing a soft-
ware component for an embedded legacy system. It outlines
a generic Program Monitor and Exception Handler (PMEH)
for (very) resource critical applications such as, e.g., a real-
time process scheduler for a multi-processor environment.
The study describes variability in constraint specification
language style and uses the taxonomy to pinpoint the type
of dependency that characterizes the reuse infrastructure of
the component. The requirements were available in casual
format, which we have adapted slightly to aid the reader’s
understanding. Interestingly, we have underestimated the
complexity of this study in the first instance. Particularly
the number of implied requirements and dependencies was
greater than we thought.

Type Subtypes

Dependencies if vpx then vpy

between if vpx then ¬vpy

variation points if ¬vpx then vpy

vpx and vpy if ¬vpx then ¬vpy

Dependencies if vpx then (vpy, vyn)
between variation if vpx then ¬(vpy, vyn)
point vpx and if ¬vpx then (vpy, vyn)
variant vyn if ¬vpx then ¬(vpy, vyn)

Dependencies if (vpx, vxn) then vpy

between variant if (vpx, vxn) then ¬vpy

vxn and variation if ¬(vpx, vxn) then vpy

point vpy if ¬(vpx, vxn) then ¬vpy

Dependencies if (vpx, vxn) then (vpy, vym)
between variants if (vpx, vxn) then ¬(vpy, vym)
vxn and vym if ¬(vpx, vxn) then (vpy, vym)

if ¬(vpx, vxn) then ¬(vpy, vym)

Table 2. Taxonomy of variability dependen-
cies in product family engineering.

3.1. Requirements

The PMEH consists of two parts, namely the monitor
and the handler. The program monitor traces program flow
(procedure call tree) and resource usage, i.e., space (mem-
ory) and time (CPU ticks). The exception handler takes con-
trol of system program flow in case of unexpected situa-
tions or erroneous conditions and attempts to execute the
appropriate recovery actions. When the handler is finished,
the program continues at a predetermined location or termi-
nates. Programming languages like C do not have exception
handling mechanisms, meaning that exceptions are handled
through error codes or by calling library routines. As shown
in Figure 2, the PMEH is to be integrated into a legacy soft-
ware system written in C or C++ without changing existing
functionality.

void legacy(int y)

{

   PMEH(..., func_id, nr_ticks, mem_size, ...);

   PMEH(..., y, ...); /* pre-condition check */

   /* legacy */

   PMEH(..., y, ...); /* post-condition check */

   PMEH(..., func_id, nr_ticks, mem_size, ...);

}

Figure 2. Exception handling with the PMEH
in a C legacy system.
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3.1.1. Program monitor. The PMEH traces program flow
by logging the following program monitor data in an output
file PMEH_output.txt at the beginning and end of each
procedure:

• Procedure name;

• Number of CPU ticks since program invocation;

• Size of allocated program memory;

• Descriptor to indicate whether the procedure is entered
or exited.

3.1.2. Exception handler. The PMEH is also used to
check the pre- and post-conditions of the procedure argu-
ments. The following exception handler data is logged in
PMEH_output.txt at the beginning and end of each
procedure:

• Variable name;

• Variable value;

• Non-critical system variables are checked against min-
imum and maximum values that are passed with the
PMEH call;

• System critical variables are checked against a list
available to the PMEH for minimum and maximum
values. This list also includes preferred value ranges
for normal operation.

In case of a false pre- or post-condition, the PMEH de-
cides on the progress of the program to handle the
unexpected situation. Exception information is writ-
ten in PMEH_output.txt. The PMEH may take one or
more of the following actions:

• Cancel current input vector;

• Skip all input vectors;

• Clear memory data space, backtrack to one step be-
fore the exception and copy preferred values into data
space;

• Terminate program (emergency exit).

3.1.3. Additional information. The exception han-
dler detects erroneous input and is essential for preventing
system failure. System failure includes both soft- and hard-
ware aspects, but in some cases also mechanical damage of
physical machine components due to faulty software pa-
rameters. The program monitor, on the other hand, is
used for debugging purposes, but can not prevent sys-
tem failure. Disabling (parts of) the PMEH is necessary
for research and testing purposes. The exception han-
dler is mandatory and the program monitor is strongly
preferred for normal operation. The PMEH itself is re-
source intensive and constrains the operating range of the
system.

3.2. Variability analysis

As shown in Figure 3, two variation points have been
identified by analyzing the requirements, namely the Pro-
gram Monitor (PM) and the Exception Handler (EH). Each
point has one variant, the actual program monitor and ex-
ception handler, respectively. This first analysis resulted in
the following definition for the PMEH:

• PMEH ≡ V P = {PM, EH}

• PM = {PM}

• EH = {EH}

PMEH

PM EH

PM EH

Figure 3. PMEH first analysis. PM: Program
Monitor. EH: Exception Handler.

As obvious as this analysis may seem, it does not meet
the requirements. For example, during normal operation the
exception handler has to be available, but this is not ad-
dressed in the analysis. To complicate matters, this condi-
tion does not concur with the requirement that the PMEH
can be (partly) turned on or off for research and testing pur-
poses. Such conflicting requirements are common in vari-
ability engineering, but simple solutions like Figure 3 are
often used as a basis for implementation. If the PMEH
would have been implemented according to this first anal-
ysis, the result would have been several implicit depen-
dencies at best. Summarizing, research and testing mode
is without additional conditions, but normal operation re-
quires that PMEH = true to bind both the program mon-
itor and exception handler variation point:

• The program monitor is strongly preferred:
if PMEH then PM

• The exception handler is mandatory:
if PMEH then EH

Another requirement for the exception handler reads:
Clear memory data space, backtrack to one step before the
exception and copy preferred values into data space. This
is core functionality of the exception handler, but it implies
that backtrack information is available. After consulting the
responsible architect it became clear that the program mon-
itor provides this information, meaning that if the exception
handler is mandatory, then so is the program monitor. This
would result in one single variation point that has the entire
PMEH as the only possible option. However, this was con-
sidered unacceptable by the architect - such a ‘dominant’
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variation point that does not allow for selecting particular
pieces of functionality undermines system flexibility. A so-
lution was found by not identifying program monitor and
exception handler variants, but feedback and feedforward
variants instead. The feedback variant does not affect sys-
tem program flow, as opposed to the feedforward variant.
In other words, by looking at the PMEH from the perspec-
tive of the system it has to interact with, feedback and feed-
forward are the main actions.

Consulting the architect also revealed an additional re-
quirement. To increase system reliability, a valid product
configuration should bind all variation points to make the
product configuration process as explicit as possible. This
new requirement was met by adding the empty variant to
each variant set in the PMEH. As shown in Figure 4, the
analysis now identifies a system (PMEH) and a subsystem
level (FB and FF), meaning that the PMEH can be a sys-
tem level variation point without taking the specifics of the
program monitor and exception handler into account.

FB

FF

Empty

PMFB

EHFB

Empty

EHFF

Empty

System

variation point

Subsystem

variation points

PMEH

FB FF

Figure 4. PMEH second analysis. FB: Feed-
back. FF: Feedforward. PMFB: Program Mon-
itor Feedback. EHFB: Exception Handler
Feedback. EHFF: Exception Handler Feedfor-
ward.

Dependencies for normal mode are:

• The PMEH has to be bound with a non-empty variant:
(PMEH,Empty) = false

• The program monitor is strongly preferred:
if ¬(PMEH,Empty) then (FB,PMFB)

• The exception handler is mandatory:
if ¬(PMEH,Empty) then ((FB,EHFB) ∧
(FF,EHFF ))

The notation shows that variation point PMEH has two
variants (FB and FF) that both have to be bound in case of
normal mode. Variation point FB is subject to a similar, but
impossible condition - a variation point can bind only one
variant at a given moment. Such discrepancies are easy to
find with the proper tools and although tooling is not neces-
sary at the moment, computerized analysis of the dependen-
cies is an absolute must in case of large-scale software sys-

tems. The results of the third and final analysis are shown
in Figure 5. The feedback and feedforward variants are for-
malized as follows:

• V P = {PMEH,PMFB,EHFB,EHFF}

• PMEH = {FB,FF,Empty}

• PMFB = {PMFB,Empty}

• EHFB = {EHFB,Empty}

• EHFF = {EHFF,Empty}

FB

FF

Empty

PMEH

EHFB

Empty

EHFB

PMFB

Empty

PMFB

EHFF

Empty

EHFF
Subsystem

variation points

System

variation point

Figure 5. PMEH third analysis. FB: Feedback.
FF: Feedforward. PMFB: Program Monitor
Feedback. EHFF: Exception Handler Feedfor-
ward.

Dependencies for normal mode:

• (PMEH,FF ) = true

• if (PMEH,FF ) then ((PMFB,PMFB) ∧
(EHFB,EHFB) ∧ (EHFF,EHFF ))

Dependencies for research and testing mode:

• if (PMEH,FF ) then ((PMFB,PMFB) ∧
(EHFB,EHFB) ∧ (EHFF,EHFF ))

The feedforward option requires both the program mon-
itor and exception handler, which concurs with normal
mode. Please note that the dependencies are virtually the
same for both normal and research and testing mode. The
only difference is the condition that the feedforward op-
tion has to be selected for variation point PMEH in normal
mode, i.e., (PMEH,FF ) = true. As said, a valid prod-
uct configuration should bind all variation points to ensure
all points will be considered during the configuration pro-
cess. This results in the following additional dependencies:

• if ¬(PMEH,FB) ∧ ¬(PMEH,FF ) then

(PMEH,Empty)

• if (PMEH,Empty) then ((PMFB,Empty) ∧
(EHFB,Empty) ∧ (EHFF,Empty))
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3.3. Discussion

Although relatively small-scale, the PMEH case is a
good example of the complexity that comes with variation.
The architectural analysis illustrates that apparently simple
requirements can entail complicated, in the first instance
unforeseen variability relationships and dependencies. So-
lutions often appear as obvious, but may have hidden as-
pects that are important for preventing implicit dependen-
cies. The complexity associated with the required PMEH
variation is underestimated in the first and second analysis.
The unwanted result of underestimating complexity is im-
plicit dependencies and an architecture that does not meet
the requirements. The third analysis is (probably) free from
implicit dependencies and therefore more architecturally ro-
bust, but it is not the immediate solution that comes to mind
when analyzing the PMEH requirements.

The main type of variability dependency in the PMEH is
between variants, i.e., dependencies are not at the more ab-
stract level of variation points, but at the level of specific
variants. Having dependencies at the variant level results
from the architectural decision to divide the PMEH into
a system and subsystem level. This decision has changed
the main type of dependency from if vpx then vpy to if

(vpx, vxn) then (vpy, vym) (see also Table 2). Dependen-
cies are now primarily within the PMEH and independent
from the legacy system. Separating the PMEH dependen-
cies from the legacy system reduces the architectural ero-
sion of both the PMEH and the legacy system.

Summarizing, the overall quality of the PMEH architec-
ture is improved by moving dependencies from the variation
point level to the variant level or, in more general terms, ar-
chitectural robustness is related to the type of variability de-
pendencies.

4. Future work

Each analysis of the PMEH is basically an educated
guess expressed in constraint specification language style
that is then verified by hand to find any inconsistencies. This
approach has at least two problems: (1) an educated guess is
based on experience and implicit knowledge instead of ex-
plicit, documented facts and (2) verification by hand may
result in overlooking inconsistencies and is practically im-
possible for larger systems. A more useful approach would
be to define the variability infrastructure in constraint spec-
ification language style and automate the process of find-
ing and verifying architectural constructs. However, this re-
quires not only taking the constraints of variation points
and variants into account, but also their relative impact, i.e.,
some dependencies have more consequences in the form
of, e.g., functionality and complexity than other dependen-
cies. The feedback received on an earlier version of this pa-
per [11] emphasized a similar need for formalizing the ar-
chitectural weight of variability dependencies.

4.1. Hierarchy of variability dependencies

We attempt to formalize the impact of variability depen-
dencies by complementing the taxonomy with a hierarchy
of variability dependencies. The idea is that a relationship
or dependency at a higher architectural layer (more abstrac-
tion) has more impact (more consequences) on the system
than a relationship or a dependency at a lower architectural
level (less abstraction). We are working on a four-tier hi-
erarchy that is based on a generalization of the so-called
Building Block Method. This method has been developed
in-house by Philips Medical Systems and identifies soft-
and hardware variability in a layered decomposition of sys-
tem functionality. See our earlier work for an in-depth dis-
cussion of the Building Block Method and its variability as-
pects [7].

4.2. Dynamically reconfigurable architectures

The nomenclature and taxonomy are used in a proof-of-
concept case study in designing a Real-Time Adaptive Sig-
nal Processing (RASP) system. System stability and change
management are key issues in the development of RASP
and depend strongly on run-time variability dependencies.
RASP’s software architecture defines the variability infras-
tructure and is designed to configure a specific product fam-
ily member at system start-up and to reconfigure the signal
processing algorithm at run-time, whereas its hardware ar-
chitecture acts as a generic platform to accommodate the
product configuration and algorithm reconfiguration pro-
cess. In short, RASP has a dynamically reconfigurable soft-
ware architecture (the product family architecture) and a
static hardware architecture.

The aim of the RASP study is to describe the variabil-
ity infrastructure of a dynamically reconfigurable system in
constraint specification language style in such a way that
the description can be used for design, implementation and
documentation purposes.

5. Related work

Software reuse is a key concept in the software engi-
neering community and dates back to the late 1960s [1]
and 1970s [2]. Particularly the object-oriented paradigm be-
came popular during the 1980s and led to object-oriented
frameworks. These frameworks have evolved in several di-
rections, one of which software product families. The no-
tion of software product families has received attention in
both research and industry since the 1990s. Software engi-
neering research projects such as ARES, PRAISE, ESAPS
and CAFÉ [9] and the software product line initiative at the
Software Engineering Institute (SEI) [12] have introduced
the software product family concept to main stream soft-
ware engineering. For example, methods with a focus on
software product family engineering as presented in, e.g.,
[13] have found their way to industry.
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Software product families are based on the concept of
variability: a single architecture and a set of components
support a family of products. Variability is often expressed
in terms of variation points, which notion has been intro-
duced in [5] as part of the reuse process. Several variabil-
ity mechanisms are discussed in [14]. This book also dis-
cusses how design decisions remove variability from an ar-
chitecture. Patterns are used to model variability in software
product families in [15]. Design patterns are elements of
reusable software and discussed in detail in [16]. Features
have been suggested in [5] as a useful abstraction to de-
scribe variability. A feature is defined in [3], although rather
informally, as a logical unit of behavior that is specified by
a set of functional and quality requirements.

As pointed out in [17], higher level abstraction and pa-
rameterization techniques are not well-suited for dealing
with ah hoc variation of features found in different mem-
bers of a product family. Managing variability requires a
scalable approach such as discussed in, e.g., [18] and [19],
but with the ability to represent the variability infrastructure
in an independent manner from a particular system, method
or organization throughout the development process.

6. Conclusions

This paper presents a formalization of variability depen-
dencies in the form of a variability nomenclature and a tax-
onomy of variability dependencies in an attempt to answer
the question: what types of variability dependencies exist in
software product family engineering?

The nomenclature and taxonomy can be used to describe
both soft- and hardware variability dependencies in con-
straint specification language style. Describing variability in
a constraint specification language is particularly useful for
automating the product configuration and verification pro-
cess as well as for documentation purposes. Product config-
uration is about composing a product, whereas product ver-
ification is about determining if a particular configuration is
possible.

The nomenclature and taxonomy have been applied in
a case study in designing a program monitor and excep-
tion handler (PMEH) for an embedded legacy system. The
overall PMEH structure (architecture) results from analyz-
ing and identifying variation points and variants together
with their relationships and dependencies while trying to
retain the architectural robustness of both the PMEH and
the legacy system. The architectural analysis of the PMEH
illustrates that apparently simple system requirements can
entail complicated, in the first instance unforeseen variabil-
ity relationships and dependencies. The main type of vari-
ability dependency in the PMEH is between variants - de-
pendencies are not at the more abstract level of variation
points, but at the level of specific variants instead. Apply-
ing the taxonomy to the three analyses of the PMEH shows
that architectural robustness is related to the type of vari-
ability dependencies.
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