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In the quest for high-density, low-power, high-speed computation researchers are considering the use
of emerging nano-devices such as spin-torque oscillators, resonant body transistor oscillators, or
Vanadium oxide oscillators to perform non-Boolean computation based on vector pattern matching.
While large systems built from these devices have not been realized to date, simulations of such
systems have shown promising results. In these systems, pattern matching is performed between an
input vector of analog values and a set of stored patterns. Thus the overall structure is an associative
or content addressable memory. The key architectural advantage of oscillator based pattern matching
is that it provides a degree of match, or distance computation, which spans all of the dimensions of a
multi-dimensional input vector, without the need for any arithmetic calculations. In that sense, we can
“let the physics do the computation.” Two important observations are that first, the pattern matching
computation need not be exact. For many applications, such as computer vision, the machine learning
algorithms that use matching operations are very robust as to the precision of the match metric.
Second, using low power nano-scale devices, the number of comparisons that can be done in parallel
on a single chip scale substrate is huge. While oscillator based computing is not a replacement for
Boolean logic, the potential exists for developing very efficient systems for particular applications
based on the use of this new computing paradigm.
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