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A device is often considered novel if it works in a way
qualitatively different from those seen before. Further-
more, a designer relies heavily on this qualitative un-
derstanding of device behavior when making substan-
tial changes to a design. Thus an approach to design
innovation should capture, at its foundation, an engi-
neer’s ability to identify and reason about a device’s
salient features with respect to how it works. At the
center of my research is a set of representations for
capture these salient features for continuous systems
(i.e., interaction topologies), a set of reasoning tech-
niques for constructing and manipulating these repre-
sentations (e.g, temporal qualitative analysis, tempo-
ral constraint propagation, the symbolic algebra sys-
tem Minima, and the terminological reasoning system
Iota) and a set of strategies for constructing designs
based on these representations (interaction-based de-
sign). These have been developed in the context of
designing and analyzing simple feedback control sys-
tems.

With respect to representations, we have taken the
perspective that a device works by constructing a
topology of continuous interactions between quantities
and modulating these interactions over time. [AIJ84]
studied the process of constructing qualitative expla-
nations of how continuous, time-varying systems work,
developing qualitative, causal and temporal aspects
of interaction representations, and exploring the role
of continuity and feedback in qualitative explanation.
[AAAI86] examined in more detail the temporal as-
pects of interactions, exploring the use of local interac-
tions to identify the salient temporal features of behav-
ior with respect to how devices work. The result was
a dynamic interaction representation, called concise
histories, and a simulation technique, called temporal
constraint propagation. [AI$91] examined in detail the
qualitative/quantitative aspects of interactions, devel-
oping and formalizing an algebra, called SRI, that is
able to describe interactions at many i)oints along 
spectrum between traditional qualitative and quanti-
tative representations. A symbolic algebra system for
SRI was developed, called Minima.

In the context of design, [PhD89, AAAI90, WS90]

present a technique, called interaction-based design,
and a system, Ibis, which constructs simple control
systems from first principles. A topology of a system’s
existing interactions is used to identify points of sens-
ing and control. A compact representation of the first
principles, called a topology of potential interactions, is
then used to establish a control loop between the sens-
ing and control interactions. Finally Minima is used to
perform the symbolic algebra necessary to ensure that
the control loop is stable. Current work extends these
ideas in the context of optimization and non-linear con-
trol.
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