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Information is physical, and computation obeys physical laws.  Ones and zeros -- elementary classical bits of information -- must be represented in physical media to be stored and processed. Traditionally, these objects are well described by classical physics, but increasingly, as we edge towards the limits of semiconductor technology, we reach a new regime where the laws of quantum physics become dominant.  Strange new phenomena, like entanglement and quantum coherence, become available as new resources.  How can such resources be utilized for computation?  What physical systems allow construction and control of quantum phenomena?  How is this relevant to future directions in information technology?





The theoretical promise of quantum computation is polynomial speedup of searches [1], and exponentially speedups for other certain problems such as factoring [2].  But the experimental challenge to realize such algorithms in practice is enormous [3]: to date, quantum computers with only a handful of quantum bits have been realized in the laboratory, using electromagnetically trapped ions [4], and with magnetic resonance techniques [5].  On the other hand, quantum information has been communicated over long distances using single photons.  The future of quantum computation is currently subject to intense scrutiny.  It may well be that these machines will not be practical.  More quantum algorithms must be discovered, and new physical implementations must be realized.  Quantum computation and quantum information are young fields with  major issues to be overcome, but already, they have forever changed the way we think of the physical world and what can be computed with it.
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