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In many Monte Carlo settings, one wishes to compute the expectation of a random object which
cannot be generated in finite time. In such settings, it is often the case that one can instead
compute approximations to the random object, where the computer time required to generate the
approximation is increasing in the equality of the approximation. An example of such a problem
context is that of stochastic differential equations (SDEs), where the approximation is typically
obtained via an appropriate discretization of the equation. Of course, when such approximations
are used, the resulting estimators are generally biased. We show that in the presence of an
appropriate coupling of the sequence of approximations, one can create new estimators that are
unbiased. These new unbiased estimators often enjoy much better rates of convergence than do
the underlying biased schemes. Furthermore, because the expectation can then be computed by
averaging independent unbiased samples, the wide range of output analysis methods available in
the presence of conventional Monte Carlo are applicable. In the SDE setting, such unbiased
schemes are closely related to multi-level Monte Carlo. We discuss this new class of unbiased
estimators in the SDE setting, that of Markov chain Monte Carlo, and several other problem
contexts.
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