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Abstract

Features are essential characteristic of applications within a product line. Features organized

in different kinds of diagrams containing hierarchies of feature trees are closely related to
variation points, which appear at different levels and life cycle phases for product lines.
Optional and aternative variants attached to variation points may by additional constrained by
mutual -exclusion or —inclusion and classified by binding modes, times and sites. Variability
leads further to crosscutting variability. Reducing an n:m-relation between feature and
variation point would help organizing scalable and traceable software models according to
SoC with less intertwined festure trees.
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Background

Building the sets of related systems helps to achieve the remarkable gains in productivity and
to improve time-to-market and product quality [Clements 99]. A development of a group of
systems made from common generic software assets is to obtain by building a software
product lines upon software product families [Czarnecki 00]. Features are essential
characteristic of applications within a product line. Domain Analysis methods [ Arrango 94]
like feature analysis are on a high level of abstraction and provide a concise and explicit
representation of commonality and variability [Coplien 99] contained in product family.

Features may be organized in different kinds of feature diagrams (essential for reuser),
containing hierarchies of feature trees (graphs) with mandatory, optional and alternative
features [Kang 90]. A root of the tree represents a concept being described and the remaining
nodes denote features. Mandatory features have to be aways included in every system
instance, an optional feature may be included or not, and an alternative feature replaces
another feature when included. Mandatory features which parent-features are neither optional
nor connected to alternatives represent the common features that each family member
possesses. The rest of the features are known as variant features, which represent the
permissible differences (deltas) between family members. A part of the implementation
process of a member is a selection of these variants. The means like configuration tables



containing the variable features of the member additionally describe the choices, which can be
made.

Optional and alternative features are closely related to variation points [Jacobson 97] and may
appear at different levels and phases in software development process Domain Engineering
(DE) or Application Engineering (AE) for product lines. The later the variability points (seen
as “delayed decisions’) would be introduced to a system, the more different systems could be
build [Gurp2000].

Variants attached to variation points lead to a set of combinations, but only a subset of it may
be correct and leads to complete configurations. The problems associated with feature
specification and interaction (i.e. when one feature modifies or influences another features)
have been discussed since early nineties [Zave 93]. Variability may be resolved with different
techniques, especialy efficient with those according to Separation of Concerns (SoC)
principle.

Position
Our position is that:

1. Thereis no concise feature definition, because features of various granularities are
requirements (functional and non-functional) and properties of product lines as software
intensive systems. The features may be described in different models and views and
depend on stakeholders attached to the view (e.g. customer, system analysts and designer,
user, end user). The products in a product line are sharing a common, managed set of
features that satisfy specific needs of selected market or mission, while product families
share features of more technical nature.

2. Essentia features may be organized in different kinds of diagrams containing hierarchies
of feature trees. Commonly used kinds of feature trees [Kang 90, Kang 98, Griss 98,
Czarnecki 00, Gurp 00] are alone not able to express various possible feature' s roles
dependencies and relationships. Complementary notations for enhancing semantic of the
domain models (like described in [Hein 00] ) are needed.

3. Decisions about what will be common and what the variable parts in a software product
line have more strategic then technical nature and can therefore change over time.
Commonality expressed as mandatory features constraint the size of the software family.
Variability as optional or alternative features enlarges the family size, but as generic (i.e.
parameterized) places also increase systems complexity. Good design (e.g. according to
SoC) helpsto avoid crosscutting variability when product line evolves.

4. Optiona and alternative feature are closely related to variation points, which may appear
at different levels and life cycle phases for product lines. The variability has to be resolved
within a particular part of the DE or AE and by decision-makers responsible for it.

5. Infeature diagrams optional and alternative variants attached to variation points may by
additional constrained by or mutual exclusion (strong form of conflicting [ Bosch 00]) or
mutual inclusion. Dependencies and composition rule for features may be partly
described within feature trees with UML-like relationships (i.e. composed_of,



generalization/ specialization, implemented_by) [ Kang98], [Bosch 00], and other means
like tables and matrixes, textual descriptions as constraints.

6. Features may by further classified by binding modes, times and sites. Binding time may
be classified as construction- time, installation- and use-time. Construction- time (also
referred to as a build time) includes the source time (pre-compile time), compile, link and
load time. For generative techniques a generation time may be seen as an additional kind
of binding time within a build time.

7. Variability at certain design stage leads further to crosscutting variability in later stages.
Reducing an n:m-relation between feature and variation point would help organizing
scalable and traceabl e software models according to SoC with less intertwined feature
trees. The usage of the generative techniques like Aspect-Oriented Programming AOP
[Kiczales 97], Subject-Oriented Programming SOP [SOP] or frame engineering [ Basset
97] may play the specia role there.

8. Object-oriented technology notations like UML diagrams should be used together with
feature models for modeling variants during analysis.

Approach

We can treat features as abstractions of the requirements, too. A particular requirement may
apply to severa features and a particular feature can be required to fulfill more than one
requirement (a n:n-relation) [Gurp2000]. There is usually a 1:n-relation between a feature and
its implementation. A feature implementation may be usually spread through many assets
(“crosscutting features’), except using special techniques like AOP or SOP “separating
concerns’.

Domain analysis methods are used to identify and grouping sets of features. The FORM
approach [Kang 98] is an extension to FODA [Kang 90] and provides methodology for
developing domain architectures and components for reuse upon feature models. Like
FeatuRSEB [Griss 98] extended the UML-based RSEB method [Jacobson 97] with the feature
model, the integration of feature oriented methods with the object-oriented technology seems
to be the next step towards supporting product line devel opment.

The shortcoming of the feature trees is the restriction of variability in feature specification to
some binding times and a decomposition type. There can be also other attributes needed to
choose a variant like availability sites (i.e. when, where and to whom a feature can be
available), variability mechanisms, and binding modes (e.g. static, dynamic), binding
occurrence, descriptions, etc.

There are many different approaches for solving variability at the code level. The chosen
technique should possible support the SoC-principle and provide the maintainability
(traceability) and the scalability of applications. Features should be forwards and backward
traceable with different tools helping untangling feature maps from features to products [Griss
00].

Handling variability at the code level

There are severa approaches to handling product-line variability at a various levels of
abstraction, according to different binding times and associated with them a generic assets



representation. The common object-oriented techniques are abstractions, the different kinds of
inheritance, the overloading, and the aggregation with the delegation and also the
parameterization. Some of the techniques were derived from a particular programming
language and are not available everywhere (i.e. overloading and multiple inheritance is not
available in Smalltalk or in Java). Another new techniques like AOP or Dynamic Class
Libraries are not obtainable for older programming language (i.e. for C++). The object-
oriented techniques like aggregation with delegation are used in design patterns. Application
frameworks using design patterns may be employed in product line context since they provide
solutions for managing the variations. Mechanisms like static libraries, conditional
compilation and generative techniques like frame technology [Basset 97] are possible to use
for all programming languages.

The crosscutting variability that affects many components may be difficult to handle.
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