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Software logistics deals with the storage, administration, distribution and installation of
software artefacts, from a full product life-cycle perspective. Software logistics is an
important issue in system family engineering where management of common and variable
assets is of utmost importance. Thisimplies the need for an integral approach to variability,
reaching from problem space to solution space, and leading to a good separation of
concerns. This paper proposes a feature-driven approach to software logistics, enabling
multidimensional variation, abstraction and traceability.

Introduction

Software logistics [Florijn99, Florijn00] deals with the storage, administration, dstribution
and ingtallation of software artefads. While from the perspective of software development,
software (as the coding of the solution to a problem) is seen as the goal, from the logistics
perspedive, software is seen as an abjed of manipulation, storage and transport. Software
engineaing issies closely related to software logistics include product management, version
management, derivation management, release management and configuration management.
Central concepts in software logistics are products, parts and their accompanying
specifications. Raising the abstradion level from individual artefads (files) to products and
the parts they consist of, shields the various gakeholders from details they do not have to
ded with. Warehouses form fences between life-cycle activities, and can be seen as
gatekeepers of the mre assets (seefigure 1).
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A system family [Jacobson97] is a colledion of systems sharing a common set of features
that address the spedfic needs of a defined domain. Commonality and variability are two
important concepts when talking abou system families. The first expresss the things all
members in the system family have in common, while the second stresses their differences.
The reason for developing system families is that it pays to develop all common aspects of
highly related systems only once. These “core assts’ consst of a domain model, a
reference achitedure and implementation components. To suppat these engineaing
processes all these assets must be stored and managed, implying the need for software
logistics.

Commonality and variability can be expressed in terms of features (see[Kang9Q Kang98§]).
A feature is a prominent or distinctive user-visible agpect, quality, or charaderistic of a
software system. Relationships can be discerned between fedures, such as composition,
generadization and realisation. A feaure diagram is a graphicd representation of feaures
and their relationships. Supplemented with additional information such as compaosition
rules, issues, decisions, binding information, and riorities the feaure diagram forms the
feaure model. Feaure models can be defined at multiple levels of abstradion. At the
requirements level the feaure model can be seen as a hightlevel view on the requirements
model. For manageability purpases, the feaure model shoud only describe those feaures
that the domain analyst deems important.

Feature-Driven Software Logistics

We propose a feaure-driven approac to software-logistics, where the feadure-model forms
the central view on the system. Such an approach provides a number of benefits such as ease
of communication, abstradion, tracegbility and multi-dimensional variation. Fedures
abstrad from requirements, which is important in system family engineering because by
combining a number of systems in a family, the size and complexity of the requirements
also increases, which severely hinders the detedion of commonalities and variabilitiesin the
family (also see [Bas99]). Traceaility is provided by mapping fedures in the problem
gpace to parts in the solution space The most important reason for a feature-driven
approach, is that it allows congtruction of systems by seleding from a potentialy large
spaceof feaures, also referred to as multidimensional variation [Conradio8g].

An essential element in our feaure-driven approach to software-logistics is the existence of
a mapping from fedures to parts. Ideally, al feaures map ore-to-one to parts, lealing to a
clean separation of concerns, which reduces sftware cmplexity and thus maintenance. The
latter isnot only due to areduction in the number of locations in the software that have to be
adapted, but also to a reduction of required rebuilds, redeployments and re-installations. To
get some more grip onthis mapping the mechanisms involved must be explored.
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Variability mechanisms

Various mechanisms exist that help manage variability in the problem space and solution
space [Jacobson97 mentions inheritance, uses, extensions, parameterization, configuration
and modue interconnection-languages, and generation. Thislist can be extended with other
medhanisms auch as installation, refledion, raming and diredory services, branching, and
conditional compilation. Although nd exadly a flexible gproach, even traditiona (hard-)
coding can be seen as a variability mecdhanism. The disadvantage of most of these
approaches is that feaures are not defined in one place but instead affed (cross-cut) many
parts of the system, leading to a management nightmare.

More recently, a new generation of aspect-oriented mechanisms has been introduced
[Harrison®B, Aksit96, Kiczdes97, Prehofer97, Tar99]. These medchanisms solve the aoss
cutting problem of feaures and other concerns by describing software parts such that they
map ore-to-one onto these concerns. Thus in these gproacdes, separation d concernsin the
solution space enables multidimensional variation in the problem space.

What is missng from all this is a framework that relates all these mecdhanisms to one
ancther, and puts them into perspedive; not all medianisms are appropriate for all
situations. For that purpose it helps to reason about the variability adivities these
mechanisms support. In particular we distinguish between addition, reduction and binding
of variability in both the problem space and the solution space.

Seleding a spedfic fedure, and its acompanying redization, is commonly referred to as
binding. Binding can occur at various moments in time such as design-time, construction-
time, compile-time, install ation-time, load-time and runtime. A distinction between static
binding, changeable binding and dynamic binding is made in [Czarnedi00], indicating the
moment at which the binding is made, and the eay with which it can be changed
afterwards. Before variability can be bound, variants must first be added to the system.
Finally, it is also possible to reduce the number of variability that was added ealier, by
seledively excluding variants from the system. These activities can be used to reason about
the aforementioned medhanisms, resulting in the following table which shows the
applicability of adivities to some of the mentioned mecdhanisms, and the momentsin time at

which they apply.
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Addition Reduction Binding
Uses analysis-time
Inheritance design-time
Traditional coding construction-time construction-time
Branching construction-time
Configuration Languages assembly-time assembly-time
Static parameterization construction-time
Conditional compilation compile-time compile-time
Installation installation-time
Naming and directory services run-time
Reflection run-time
Aspect Oriented Programming | design-time design-time
Table 1 Assessing variability mechanisms for variability activities

The given information helps understand the goal of the various mechanisms, and the
moments in time at which they apply. It also helps to understand howv they could be
combined; mechanisms for addition can be supplemented with mechanisms for reduction
and binding. Consider for example asystem that defines variability at design-time using
inheritance, reduces the number of variants using conditional compilation at compile-time,
and finaly binds the variant at runtime using refledion. The adual seledion of the
medanisms can further depend o their specific advantages and disadvantages.
Considerations could be the availability of tooling for the users environment, the required
granularity of variability, the anount of memory a mechanism requires, or the performance
pendty the approadh incurs. In general, the later the mechanisms are applied, the more
memory and performance it costs. These can be important considerations in embedded,
possibly hard red-time environments. Advantages of later binding are the increased
flexibility offered to the user; systems can even be composed at run-time [Schmerl97].

Conclusion

Using a system family approach to systems development can increase time-to-market
throughreuse of a gred number of artefads. Management of these atefads throughou the
entire lifegycle can however become quite complex, due to the potentialy large anounts of
systems, artefads, and variability. We propose a feature-driven solution to software-
logistics to suppat system family engineaing, enabling multidimensional variation,
abstradion and traceability. Various medchanisms for managing variability exist, and can be
caegorized according to the adivities they suppart. The selection of mechanisms should be
part of the architedure definition process and should weigh the pros and cons of the various
medhanisms. From a software-logistic perspedive the mechanism should enable locdizaion
of a fedure to one part, leading to a dean separation of concerns. Althoughasped-oriented
approaches exist, they may nat be gopropriate in all situations. Most importantly, having a
framework for reasoning abou variability gives us a cance to make well-considered
dedsions.
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Related work

The feaure-oriented domain analysis method FODA [Kang90] is extended in FORM
[Kang99 to cover the entire spedrum of domain and application engineaing, including the
development of reusable architedures and code cmponents. They promote general
engineaing principles such as separation of concerns, information hiding, locadizaion d
function, data, and control, parameterization of artefads with feaures, and synthesis of
design comporents based onfeature selection.

A more daborate discusson onfeaure modeling is given in [CzarnediOQ]. Feaure graphs
are extended, and elaborate termindlogy on different kinds of feaures is presented.
Generative programming is presented as a powerful variability mechanism.

A combination of the principles described in [Jacbson97], commonly referred to as the
Reuse-Driven Software Engineering Business(RSEB), and FODA [Kang90] is described in
[Gris98]. They propose refinements to the feaure model, and position it asthe aentral view
onthe architedure of the system.

A genera introduction to feature-engineering is given in [Turner99]. The paper discusses
the impad on different phases of the life cycle and provides ideas on how these phases can
beimproved by a feaure-driven approach.
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