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ABSTRACT

The computing revolution of the 20th century focused on the systematic manipulation of information. In this
century a new revolution is underway, and its goal is the systematic manipulation of matter. While top-down
technologies such as lithography are able to control the position of individual molecules, these techniques are
expensive, specialized to a single goal, and require the presence of a machine. Bottom-up methods for design-
ing molecules that automatically manipulate themselves are far less developed but hold great promise. In the
past decade, DNA nanotechnology has demonstrated that it is possible to rationally design molecules, which
can be synthesized at the cost of a few hundred dollars, that automatically self-assemble nanoscale structures
of moderate complexity and carry out small-scale digital computation and analog control. The coming decades
will witness an exponential surge in the complexity and scale of molecular engineering achievable by these
techniques.

My talk will concentrate on the role that computer science has played and will play in understanding the prin-
ciples, abilities, and fundamental physical limitations of bottom-up molecular technologies. This role goes far
beyond software modeling: the molecules themselves are executing a computation by virtue of how they in-
teract. From this perspective, | will focus on two very mature areas from the natural sciences, chemical ki-
netics and crystal formation, and argue that elucidating their abilities as engineering tools ultimately requires
an understanding of the theory of computing.
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