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We study unconstrained optimization of convex objective functions. A broad class of algorithms -
including the well-known Gradient method and evolution strategies - find an approximate solution
to this optimization problem by iteratively calculating a sequence of feasible solutions such that
their corresponding function values eventually converge to the optimal function value. They suc-
ceed by searching the neighborhood of the last iterate for better candidate solutions. Usually, these
algorithms are analyzed by estimating the one-step progress. In case of randomized algorithms,
the expected one-step progress can be analyzed. However, using such an approach makes it often
difficult to obtain bounds on the variance of the whole process.

We will present a general framework to analyze local search algorithms. Suppose that an algorithm
proposes in each iteration exactly one new feasible solution that sufficiently improves the last iterate,
i.e. a local decrease condition is satisfied. Karmanov [1] presented a genuine method to analyze
such a local search algorithm for differentiable convex functions. He derived an upper bound on the
convergence rate and also showed how, in case of randomized algorithms, high-probability bounds
for the convergence can be obtained. We extend his approach to strongly convex functions where
linear convergence rates can be established.

Surprisingly enough, this approach can be used to analyze deterministic as well as randomized op-
timization algorithms. To establish convergence it is enough that in each step the sufficient decrease
condition is satisfied and the search directions (the directions between two successive iterates) are
not orthogonal to the gradient direction in all but finitely many iterations. We show that the suffi-
cient decrease condition is satisfied for instance for the Random Pursuit algorithm [2] as well as for
the Random Gradient method [3]. Both these method propose new search directions uniformly at
random. We show that, at the expense of only slightly increasing the variance, also different search
directions, as, eg., random standard unit vectors, can be used instead. This gives raise to analyze
a broad class of existing randomized local search algorithms. We conclude with an example of
optimization over symmetric matrices.
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