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Recently, methods of Artificial Intelligence are used to provide help in the actual design process.
These methods are either restricted to automatic parameterization based on known contexts of
products of very small and limited product groups (no general applicable methods have been found)
or are often based on similarity considerations (like when applying case-based reasoning). A quite
other direction has been taken by Brian Williams with his thesis "Invention From First Principles
via Topologies of Interaction", where methods for deriving the principal functional structure from
given specification are given.

However, design is a multi-facetted task. Usually, a design specification consists of a functional
part, a part of physical constraints (like stresses) which have to be met and a part of geometric
constraints for the product. The main problem in automating the whole task of engineering design
is the lack of a method for determining the till now unquantifiable and unknown interrelationship
of functionality, physical constraints and geometry. This interrelationship may be expressed in the
question: "Why does this part look like it does and why does it what it is supposed to do?"

This paper presents an approach, which shall be able to express this interrelationship. We
have called this approach "Functional Skeletons". These skeletons represent the functional flow or
power flow, which is abstracted to a line skeleton through a solid, and thus represents the basic
functional-geometric principle of the part. Moreover, we give a method for calculating the skeleton
from given specification and part. Knowing the relationship between functionality and geometry a
design can be verified automatically using the skeletons. Moreover, an expert system for variational
design can easily be established. This is mentioned in this paper.

Based on this an abstraction of these skeletons called Abstract Functional Skeletons is given.
These skeletons are very close to the line drawings in physics books, when a physical principle
is declared graphically. We give a method for deriving suitable skeletons from given Abstract
Functional Skeletons and physical as well as geometric constraints. Afterwards, the drawing can
be derived automatically from this skeleton.

Using this we give the concept of a new type of geometric modeler, which works with Ab-
stract Functional Skeletons (i.e. functional principles) as basic elements and is capable of doing
"Functional Prototyping" for design. Based on this, we investigate the structure of the design speci-
fication and present a method of using equational reasoning techniques and the Abstract Functional
Skeletons for deriving designs automatically from specifications (functional structure + geometry).
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