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Abstract:

We show that an analog of the Johnson-Lindestrauss (JL) lemma for dimen-
sion reduction in {; can be established using linear projections|[?] and nonlinear
estimators. Previous studies[?, 7, ?, ?] have proved that no JL lemmas exist
for [; using linear estimators. We develop two nonlinear estimators including a
strictly unbiased estimator and an improved estimator based on the maximum
likelihood. While the maximum likelihood estimator (MLE) does not have a
closed-form density function, we propose highly accurate closed-form approxi-
mations.

Sampling is also effective for dimension reduction in l;. We apply a sketch-
based sampling technique for [; dimension reduction, which is a combination
of sketching and sampling and is particularly advantageous when the data are
sparse.

Our results will be useful for applications concerning pairwise [y distances, in-
cluding distance-based clustering, nearest neighbor searching, as well as approx-
imating I; kernels for (e.g.) support vector machines (SVM).



