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Can a Noisy Encoder be Used to Communicate Reliably?

Inspired by Shannon theory's triumph over noise in communications, von Neumann
initialized the study of noise in circuits in 1956. He showed that, even if all circuit
components are noisy, it is still possible to bias the output towards the correct output value.
Recently, Moore's law has made circuit elements extremely small, in the process reducing
component reliability, bringing interest back in von Neumann's problem. Voltage variations,
crosstalk, timing jitters and quantum effects can all jeopardize reliability. “Voltage-scaling” --
commonly used to reduce energy consumption -- can also introduce errors because of
component variability at small sizes.

Bringing von Neumann's and Shannon's problems together, we ask: can one introduce noise
in circuits that support communication? Focusing on the transmitter side, we investigate the
question of whether reliable communication can be achieved with an encoder constructed
from noisy components. Indeed, we provide an explicit encoder construction to do so.
Interestingly, the key of the construction is to embed multiple noisy decoders within the
encoder to repeatedly suppress errors. This core idea is also applicable to more general noisy
computing problems, which I will also discuss if time remains.
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