
Pseudo-deterministic Algorithms∗

Shafi Goldwasser1

1 MIT and Weizmann Institute of Science
Cambridge, MA, USA and Rehovot, Israel
shafi@csail.mit.edu

Abstract
In this talk we describe a new type of probabilistic algorithm which we call Bellagio Algorithms:
a randomized algorithm which is guaranteed to run in expected polynomial time, and to produce
a correct and unique solution with high probability. These algorithms are pseudo-deterministic:
they can not be distinguished from deterministic algorithms in polynomial time by a probabilistic
polynomial time observer with black box access to the algorithm.

We show a necessary and sufficient condition for the existence of a Bellagio Algorithm for an
NP relation R: R has a Bellagio algorithm if and only if it is deterministically reducible to some
decision problem in BPP. Several examples of Bellagio algorithms, for well known problems in
algebra and graph theory which improve on deterministic solutions, follow.

The notion of pseudo-deterministic algorithms (or more generally computations) is interesting
beyond just sequential algorithms. In particular, it has long been known that it is impossible to
solve deterministically tasks such as consensus in a faulty distributed systems, whereas random-
ized protocols can achieve consensus in expected constant time. We thus explore the notion of
pseudo-deterministic fault tolerant distributed protocols: randomized protocols which are poly-
nomial time indistinguishable from deterministic protocols in presence of faults.
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