
a long-term solution:

1. Make architectural assumptions explicit. One of the most
significant problems is that architectural assumptions made
byareusable component arenever documented. Partofthe
problem is attributable to a culture in which documentation is
generally lacking. But it is also the case that we have lacked
the proper vocabulary and structuring techniques for express-
ing these assumptions. For example, while it maybe common
for good documentation of an abstract datatype to explicitly
list preconditions for calling the interface routines, we have no
comparable conventions or theory for documenting many of
thearchitectural assumptions listed in Section4. While docu-
menting assumptions will not make mismatches disappear, at
least itwillbepossibleto detect problems early on. Someini-
tial steps towards this goal can be seen in recent work on archi-
tecture description languages [AG94, LAK+95, SDK+95].

2. Construct large pieces of sojhvare using orthogonal sub-
components. While most large reusable subsystems are them-
selves constructed out of smaller sub-components, it is rare

that one can separate the pieces or change the way in which
those sub-components are combined. As Parnas has long

argued [Par72], each module should hide certain design as-
sumptions. Unfortunately, the architectural design assump-
tions of most systems are spread throughout the constituent
modules. Ideally one would like to be able to tinker with the
architectural assumptions of a reused system by substituting
different modules for the ones already there. An example of
such orthogonalization can be found in recent work aimed at
adopting a building-block approach to systems construction,
such as [B092, BSST93].

3. Provide techniques for briding mismatches. Even with good
documentation and orthogonal modularization, mismatches
will inevitably occur. Currently such mismatches must be
dealt with by brute force: hacking low-level communication
code, interposing special purpose data translators, etc. We
would like to see a much more scientifically based approach
to this. At the very least it would be desirable to have a
cookbook of standard techniques. Better still would be tools
to aid with wrapping, data translation, etc. Recent research
addressing this issue includes attempts to automate the use of
mediating protocols and wrapper construction [YS94].

4. Develop sources of architectural design guidance. Develop-
ing good intuitions about what kinds of architectural com-
ponents work well together is not easy. Currently it is done
by trial and error, and it takes skilled designers many years
to acquire expertise at putting systems together from parts,
Even then this expertise is typically confined to a specific
application domain (such as management information sys-
tems, or signal processing). We need to find ways codify and
disseminate principles and rules for composition of software.
Progress towards this goal can be seen in the development
of handbooks for reuse of design patterns [GHJV94], archi-
tectural design environments [GA094], and design tools for
certain application domains [Lan90],
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