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A good system design should specify what components themyistbuilt of,
and how they are combined. A good design methodology shagildomposi-
tional, resulting in techniques that facilitate integoatof systems from reusable
components. It is also very important that a design, andusitijs implementa-
tion, can be used to predict and analyze system behavior.

We believe that systematic use of mathematical models tdrdiit system
aspects is a crucial part of a science of design of softwaeasive systems. Use
of such models is routine in many engineering disciplines iarone of the key
reasons for their success.

Design of a complex software system will involve modelingaaiety of sys-
tem aspects from different perspectives. For example timmetity, real-time be-
havior, concurrency and synchronization, fault toleranmebablistic behavior,
security properties, resource requirements, and so ony Mithese aspects cut
across multiple system components.

A non-trivial problem for a science of designtie model integration problem.
Thatis, how to structure a system so that the models of diftexspects/perspectives
can be semantically integrated and composed to supportédécton and analy-
sis of overall system behavior, and to ensure that systeunireggents are satisfied.
This will greatly facilitate system integration itself, dithe reusability of system
components.

A related problem is the problem obmposing heterogeneous models. That is
to say, for each aspect models can have a compositionatgteybut this struc-
ture and the composition operations may be different fdedbht aspects. These



different models must be integrated to understand the aatxins of the overall
system design.

To support such a design methodology we need languages alsdtaofor-
mally specify and analyze the different, possibly hetenageis, models and their
composition and integration. In addition, languages antstare needed to spec-
ify and analyze system designs, including structure andetsodSystem design
specifications that arexecutable are important to fill the gap betweeen require-
ments and implementations.

Background

The authors and their collaborators have developed the ®Barcthal executable
specification language based on rewriting logic, as wellmsmaber of supporting
reasoning and analysis tools. The Maude system has beeextsegively by the
authors and many others to model a variety of systems inajuaétwork proto-
cols, real-time systems, programming languages, anddigabsystems. Maude
supports a rich algebra of module composition operatiomg;iwhave been used
in a number of the system modeling applications. It has aésmhused as a met-
alogical framework to design and implement reasoning ttmislifferent logics
and mappings between such logics.



