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Sof tware product |ine approaches are becom ng common for conpl ex
systems through technical enablers such as object-oriented (0O

t echnol ogi es and conponent - based devel opment. An exanple of this
application is the Control Channel Toolkit (CCT), a conponent
architecture for satellite command and control (C&C) systens
bei ng devel oped by Raytheon Systens Conpany for government and
commercial use. This position paper is based on the experience
of devel oping and using the CCT, and how the underlying object
technol ogi es have constrained its reuse and evol vability.

The CCT is designed to neet the requirenents of a broad range of
nm ssions and to adapt to nobst operations concepts. Anpbng its
architecture requirenents is the need to be based on open

st andards and i ndependent of proprietary technol ogies. Though OO
progranmm ng techni ques have been essential to neeting these goals
and requirenents, their use has inposed many constraints on the
reuse of the CCT architecture and assets. These constraints
significantly effect the reuse and sustainability of the CCT as a
product i ne.

OO technol ogies allow for significant flexibility in separating
concerns, and nuch framework design is in fact an exanple of this
use. The issues of constraints as a result of their use in
product lines arise in several forns. The first arises because
i mpl enmenting a separation of concern in OO typically neans
establishing an OO nodel for the concern, for exanple, a
framewor k for database access. Though inplenentations of the
framewor k may vary through dynam c pol ynorphism the framework's
nodel itself is rigid. This neans that the product |ine design
is resistant to change if the nodel ed separation of concern
changes, an event often encountered when targeting product |ines
to new busi ness opportunities.

A second constraint arises in the inplementation of variation
points in the product |ine conmponents. Variation points
represent identified places in the requirenents, architecture and
design that need to support nodifiability by application

engi neers. The goal of a variation point is to allow conponents
to be easily tailored for specific systenms w thout nodifying the
conponent baseline (that is, the tailoring needs to be
non-invasive). The design of variation points nust bal ance the
conplexity (and hence usability) of their resultant APlIs agai nst

their flexibility in nmeeting future requirenents. |n many cases
the design can be resolved to a sinple function callback, others
require conplex frameworks. 1In all cases explicit assunptions

must be made regardi ng what data and i npl enentati on aspects must
be made visible to application engineers. As in the case of



usi ng the nodel to separate concerns, those assunptions becone
captured and fixed in the design nodel, or require use of nore
flexible data structures (for exanple, property lists and "anys")
t hat can have significant performance inpacts. In short,
variation points are required to be conposed using the underlying
QO technol ogy, which requires fixing many aspects of their design
and i npl enentation at the conpilation of the conponent, hence
rendering themless flexible to application engineers.

A third constraint arises when positioning facades to wrap
technol ogi es or products that are likely to change (databases,

di spl ays, niddl eware). Changes in these technol ogies can occur
fromsystemto system because of |icensing costs, perfornmance
characteristics, or even local standards for individual end
systens. Typically a | owest-common denom nator approach is taken
for the API to insulate the client fromthe inplenmentation. This
foll ows the wrapper pattern where the client's use of the APl is
deternmined at conpile tine but the inplementation is selected at

run time. In general, use of the APl is not central to the
client's role in the system but the APl needs to be local to the
busi ness logic inplenmented by the client. |In this scenario

clients are not able to make use of the explicit APl of the
product because the conposition of application occurs at the
object level, and a tractable object design is required. (That
is, factoring out |local use of the services would unduly burden
or conplicate the design.) The solution then is to position an
abstract wrapper for the product. However, not using the
explicit APl of the product limts its use, in particular the use
of proprietary features which nay provide a key discrimnator for
sel ection the end system by custoners. These features may al so
have special synergies with other technol ogi es which are al so

wr apped, and hence typically difficult to conpose effectively

t oget her.

Mul ti - di mensi onal separation of concerns offer an attractive
approach to these constraints in product |ine devel opnent because
they offer nore alternatives as to how, when and where conponents
get instantiated in the application engineering environnment. Non
obj ect - based conpositional nodels (for exanple, aspect-oriented
and subject-oriented programr ng) may pernmit a product line to
nove the tinme when a feature gets bound to a conponent

i mpl enentation fromthe conponent engi neering phase to the
application engi neering phase, and with sufficient |evels of
automation to still enable low recurring costs.

In a broad sense, proper engineering support for managi ng concern
spaces coul d enable a product |line organization to simnultaneously
i ncrease the systematic reuse of software assets (reducing cost)
while offering a wider array of features to custoners (increasing
val ue) .

Key areas of interest for our applications of these technol ogies
i nclude variation point design, enabling the use of multiple
underlying technol ogies (for exanple, either nessage oriented

m ddl eware or renote procedure call niddleware), and how t he
availability of techniques and tools that support greater
separati on of concerns affects the structure of product |ine



or gani zati ons.



