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ABSTRACT
This paper provides the first explicit construction of extrac-
tors which are simultaneously optimal up to constant fac-
tors in both seed length and output length. More precisely,
for every n, k, our extractor uses a random seed of length
O(log n) to transform any random source on n bits with
(min-)entropy k, into a distribution on (1 − α)k bits that
is ε-close to uniform. Here α and ε can be taken to be any
positive constants. (In fact, ε can be almost polynomially
small).

Our improvements are obtained via three new techniques,
each of which may be of independent interest. The first
is a general construction of mergers [22] from locally de-
codable error-correcting codes. The second introduces new
condensers that have constant seed length (and retain a con-
stant fraction of the min-entropy in the random source).
The third is a way to augment the “win-win repeated con-
densing” paradigm of [17] with error reduction techniques
like [15] so that the our constant seed-length condensers can
be used without error accumulation.
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1. INTRODUCTION
Extractors are functions that extract almost-uniform bits

from sources of biased and correlated bits. Since their in-
troduction by Nisan and Zuckerman [14], extractors have
played a fundamental and unifying role in the theory of
pseudorandomness. In particular, it has been discovered
that they are intimately related to a number of other impor-
tant and widely studied objects, such as hash functions [9],
expander graphs [14, 28, 18, 23, 4], samplers [7, 30], pseudo-
random generators [26] and error-correcting codes [26, 25,
24]. In addition, extractors have been found to have a vast
and ever-growing collection of applications in diverse aspects
of computational complexity, combinatorics, and cryptogra-
phy. See the excellent surveys [13, 19].

Like the other objects listed above, extractors with very
good parameters can be nonconstructively shown to exist
via the Probabilistic Method, but finding explicit construc-
tions — ones computable in polynomial time — has been
much more difficult. A long body of work has sought to find
explicit constructions which approach the optimal, noncon-
structive bounds.

In this paper, we achieve one of the goals of this line of
work, namely the explicit construction of extractors that are
“optimal up to constant factors”. In order to make sense of
this, we need to define extractors more precisely.

1.1 Extractors and their parameters
To formalize the notion of extractors we first need a mea-

sure of randomness in a source of biased and correlated bits.




