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Software can be seen as a composition of many sources of knowledge, including requirements, 
system and programming knowledge, the target programming language and platform, as well as 
legacy components. We look to a design of science to provide a practical but well-founded 
mathematical basis for mechanizing the design processes in software-intensive systems.  We 
advocate an approach that works with  
 

1. formal specifications of software requirements – the design process is driven by the goal 
of correctly implementing the requirements.  The larger problem of evolution is likewise 
driven by modification of the  requirements specification followed by redesign.   

2. libraries of design theories that capture important recurring design concepts.  Examples 
include generic software architectures (capturing knowledge about the structure and 
design of various classes of systems ),  algorithm theories (capturing knowledge about the 
structure and design of various classes of algorithms), datatype refinements (capturing 
knowledge about abstract datatypes and effective concrete implementation types for 
them), optimization transformations, and so on. 

 
The overall development process involves an iterative convergence towards a requirement 
specification that suits the needs at hand together with composition of the programming 
knowledge needed to transform the evolving specification to correct-by-construction code.  The 
development of a specification uses composition of theories to enable reasoning about the 
application domain.  The application of formalized representations of design knowledge requires 
inference to determine the applicability of abstract knowledge to the concrete application at hand, 
and the composition of the instantiated knowledge to the application. 
 
In the particular approach that we have implemented at Kestrel in the Specware system,  we work 
in one of several categories of specifications that support composition by colimit, and refinement 
of specifications by morphisms (interpretations between theories). 
 
Besides rationalizing the design process and drawing on tools from many disciplines (e.g. 
theorem-proving, program analysis, databases of specification, design, and program structure, 
libraries of theories, libraries of components), a refinement-based compositional approach to 
design moves in the direction of supporting the kinds of flexibility/variability needed to 
accommodate evolution.  Additionally, the information needed to rationally support software 
evolution (and provide machine support) is naturally provided by a formal generation process.  
That is, evolution is driven by changes in requirements, manifesting in changes to required 
properties (necessitating redesign of the code), or changes in performance requirements 
(necessitating change in the design knowledge applied), or changes in nonfunctional requirements 
such as robustness (e.g. necessitating introduction of more fault-tolerant architecture).  By having 
an explicit handle on the locus of change, we have a better basis for a rational design process.   
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software development at Stanford University during 1986-2000.  He is a Fellow of the American 
Association of Artificial Intelligence (AAAI) and served as Chairman of IFIP Working Group 2.1 
on Algorithmic Languages and Calculi from 1994-2000. 
 
Dr. Smith’s main research interest has been mechanizing the development of software from 
formal specifications.  He is mainly responsible for the development of KIDS (Kestrel Interactive 
Development System), which has been used to generate many algorithms, including a variety of 
complex high-performance scheduling applications for the US Air Force. Current projects are 
focused on the development of the Specware-based systems which provide category-theoretic 
foundations for software development by refinement.  Recent systems include Designware 
(general-purpose refinement), Planware (synthesis of schedulers and resource allocators), and 
Epoxi (specification and refinement of hybrid embedded systems). 
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