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In theoretical computer science, researchers usually distinguish between problems that can be
solved in polynomial time (i.e., in time that is bounded by a polynomial of the length n of
the input) and problems that require more computation time. Problems solvable in polynomial
time are usually called _feasible_, while others are called _intractable_. Of course, this
association is not perfect -- for example, an algorithm that requires 107100 * n steps is
polynomial time but not feasible -- but this is the best available definition of feasibility.

A natural question is: can we use new physical processes, processes that have not been used
in modern computers, to make computations drastically faster -- e.g., to make intractable
problems feasible?

Such a possibility would occur if a physical process provides a super-polynomial (= faster
than polynomial) speed-up.

In this direction, the most active research 1is undertaken in quantum computing. It is well
known that quantum processes can speed up computations; see, e.g., (Nielsen and Chuang 2000).
For example, Grover's algorithm enables us to reduce the computation time of many
computations from 2”n to sqrt(2”n) = 2~(n/2). Some known quantum algorithms -- e.g., Shor's
factorization algorithm -- are exponentially faster than the best known non-quantum ones;
however, it is not clear whether a similar fast non-quantum algorithm is possible. 1In
general, the only _proven_ quantum speed-ups are polynomial.

Parallelization is another potential source of speed-up. In Euclidean space-time,
parallelization only leads to a polynomial speed-up; see, e.g., (Morgenstein and Kreinovich,
1995), (Kreinovich and Finkelstein 2004-06), and (Kreinovich and Margenstern 2008-09). The
reason is that, since the speed of all the physical processes is bounded by the speed of
light ¢, in time T, we can only reach computational units at a distance not exceeding R = c *
T. In the Euclidean space, the volume of this area (inside of the sphere of radius R = ¢ * T)
is proportional to R*3 ~ T”3, so we can use no more than ~ T"3 computational elements.

In quantum space-time models (see, e.g., (Misner et al. 1975)), the corresponding volume
grows super-polynomially with the radius R; see, e.g., (Finkelstein and Kreinovich 1987).
Thus, we can fit a super-polynomial number of processors within a sphere of radius R = c * T.
Hence, in quantum space-time, parallelization can potentially leads to super-polynomial
speed-up of computations.

This is not (yet) a reduction from exponential time 2”n to polynomial time, but this is a
solidly super-polynomial reduction from 2”n to 2”sqrt(n).
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