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Abstract

The notion of feature is widely used to denote the

functional structure and visible properties of a soft-

ware system. More specifically, features are meant to

represent a user-centric organization of a software sys-

tem’s functionality. Yet, other than during require-

ments analysis, features are seldom treated explicitly

by most existing tools and methods.

This paper argues that a feature-orientation can

provide benefits to software developers throughout the

software life cycle. We envisage specific applications

of the notion of feature that provide a powerful and

unifying structure for software life cycle artifacts and

activities. We discuss the problems and issues to be

addressed, a brief summary of our current research

work, and suggestions and directions for future re-

search in a new area we call “feature engineering”.

1 Features in Software Systems
Software engineering provides concepts and mech-

anisms that seek to master the complexity of software
development activities. Such complexity is caused by
a variety of phenomena that have been widely dis-
cussed in the literature since the 60s. They range
from managerial and sociological factors to specific
technical issues. One source of complexity is certainly
the gulf between the user and the developer perspec-
tives. Users are often concerned with a system’s gross
functionality, while developers are grounded in its im-
plementation artifacts. Users describe their needs in
term of the “features” that the software product is
expected to exhibit. Developers must translate such
requirements into appropriate design choices and then
into software artifacts [3].

The requirements engineering community has rec-
ognized the utility of structuring the problem domain,
using terms such as “high-level” requirements [6] and
“requirements clusters” [5, 8]. However, while some
requirements engineering efforts seek to structure a
system’s requirements by its gross functional entities

(i.e., its features), there is little or no connection made
in those terms with later stages of software develop-
ment. For instance, much of the literature on the fea-
ture interaction problem is concerned only with re-
quirements specification techniques [1, 2, 10]. Indeed,
in practice, requirements documents are frequently ig-
nored in downstream development phases [4].

We believe that by making features “first class”
within and throughout software development, greater
use can be made of the problem-domain structuring
put in place during requirements analysis. This leads
to a number of benefits, including the ability to an-
swer such fundamental questions as: What features

are present in this system? How does the software

architecture support new features? How is this fea-

ture implemented? How is this feature tested? How

do these two features interact? Is this set of features

consistent?

Thus, despite the obvious relevance and wide adop-
tion of the term “feature”, we still lack concepts and
techniques that make it possible to exploit the poten-
tial of features across the entire life cycle. This pa-
per argues for making features an explicit part of the
entire software development effort, from requirements
engineering through system maintenance. We use the
term “feature engineering” [9] to represent the various
strategies for exploiting features as first class.

In the next section, we provide a definition for the
term feature that makes clear the distinction between
features and feature implementations. We then briefly
describe a number of ways that features can be instru-
mental in supporting different software development
activities. In the final section, we describe our cur-
rent research activities and identify a number of open
research issues.

2 Features and the Software Life Cycle

People who develop and use software have an intu-
itive understanding of the term feature as some recog-
nizable system capability. Standardized definitions of
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Figure 1: Life Cycle Entities and Relationships.

features (e.g., [7]) remain vague, and people often refer
to features and feature implementations interchange-
ably. For purposes of this paper, we offer the following
working definition for the term feature:

A feature is a clustering of individual require-

ments that describe a cohesive, identifiable

unit of functionality.

This definition emphasizes the origin of a feature in the
problem domain. It says nothing about the manner in
which a feature is implemented, and multiple imple-
mentations of the same feature are, of course, possible.
Ideally, the requirements specification captures all the
important behavioral characteristics of a system. Fea-
tures are a natural organization of the requirements
around a specific functionality. As a result, they par-
ticipate in a number of important relationships with
a wide range of development artifacts.

One possible model for these relationships is shown
in Figure 1 as an entity-relationship diagram. The
rectangles depict artifacts and the diamonds depict
the relationships among them. The artifacts are di-
vided between the problem domain and the solution

domain, and features serve as a bridge between the
two perspectives. Consider the user documentation
for a typical system. This documentation is comprised
of the entire collection of documentation fragments,
which might be sentences, paragraphs, sections or
chapters. Some interesting subset of these documents
will be related to documenting the implementation of
the system’s features. The “documents” relationship
identifies the association between a feature and the
documentation fragments that describe its implemen-
tation in the system. Similarly, system test cases can
be targeted to insure that a feature implementation is
faithful to the feature’s constituent requirement frag-
ments. This figure also indicates that the mapping
from feature to feature implementation is indirect and
is thus often complex.

With this foundation, we can begin to explore the
role that features can play across the spectrum of soft-
ware development activities. Below, we identify inter-
esting ways in which four traditional life cycle activi-
ties can be enhanced by a notion of feature.

Architectural design. A requirements specification
structures the problem domain as features to be exhib-
ited by an implementation, while the software archi-
tecture structures the solution domain as components
and their connectors. Feature engineering has signif-
icant implications for software architecture. One is
in relating the problem-domain structure of features
to the solution-domain structure of components and
connectors. Rarely is this mapping trivial. Another
implication is that, from the perspective of the user,
features are the elements of system configuration and
modification. A high-level design that seeks to high-
light and isolate features is likely to better accom-
modate user configuration and modification requests.
Within this context, then, we see at least two mutually
supportive approaches: feature tracing and feature-
oriented design methods.

Testing. Feature implementations frequently cut
across module boundaries and are thus candidates for
module and system integration testing. Since indi-
vidual requirements are associated with features, fea-
ture test designs should help pinpoint inconsistent or
incomplete feature requirement sets, and systematic
testing in the face of changes to various features can
be improved with information about which features
are implemented by which system components.

Reverse engineering. The primary influence of fea-
ture engineering on reverse engineering is to focus the
analyses toward discovering connections between arti-
facts and features. Essentially, this means recreating
relationships such as those exemplified in Figure 1.
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Configuration Management. Configuration man-
agement can leverage feature information to populate
workspaces with the minimum set of artifacts needed
to modify a feature implementation. In addition, sys-
tem builds could be specified by defining a desired set
of features for the resultant system.

These observations are meant as a starting point for
understanding intersections between feature engineer-
ing and traditional software development activities. In
the next section, we describe some specific efforts that
we have undertaken to explore and solidify a feature
orientation to software development.

3 Future Work
Exploring the projection of features across develop-

ment activities leads to a number of exciting opportu-
nities for future work. We are currently carrying out
three coordinated research activities.

1. We are evaluating how the concept of feature
is currently exploited (implicitly or explicitly)
in real software development processes. A first
case has been centered on evaluating feature sup-
port in the current development practices of the
UT100 telecommunications switch developed by
Italtel. A second example is taken from the devel-
opment process employed at the HP production
site in Bergamo, Italy. Finally, two case studies
are being carried out within the context of the ES-
PRIT project SACHER. They concern the devel-
opment processes adopted by divisions of Nokia
Mobile Phones and GEC Marconi Avionics.

2. Within the context of the SACHER project, we
are developing semi-automatic support for impact
analysis and cost evaluation of changes in feature-
oriented software requirements. The expected re-
sult will be a tool able to navigate across the net-
work of artifacts produced during development,
and to generate information that can help the
manager plan and control development efforts.

3. We are exploring the application of features to
configuration management systems. In particu-
lar, we are studying how configuration manage-
ment tasks can be raised from file-level operations
to feature-level operations.

Certainly, there are a number of fundamental ques-
tions that remain to be answered before feature engi-
neering can be fully realized. What are the charac-
teristics that make some systems, such as telecommu-
nication networks, a good candidate for feature engi-
neering? What are the different relationships among

features? How can we reconcile non-composable fea-
tures? Can features be profitably used to reduce some
of the complexity inherent in large software develop-
ment projects? What is the relationship among fea-
tures, software architectures, and component-based
development techniques? We plan to explore these
and other such questions as part of our research.
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