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To obtain analytical results on runtimes of evolutionary algorithms, tractability has required
the use of very simple landscapes. Is there any hope of obtaining results for arbitrary
landscapes? There may perhaps be some relevance from models of evolutionary dynamics
with infinite populations where powerful spectral methods have been able to provide a
variety of results for arbitrary landscapes. Karlin (1982) proved two theorems that systems
which combine growth and state transitions exhibit smaller aggregate growth with increased
rates of transition. These theorems have been extended to infinite dimensional spaces, and
multiple independent transition events (Altenberg, 2011, 2012). Their application has been
used to show that dispersal should reduce standing genetic variation, that self-adaptation
in stationary populations should favor lowered mutation and crossover rates (Feldman’s
“Reduction Principle”), and that the fitness of a quasispecies decreases with increasing
mutation rates up to m=1/2. In evolutionary computation, different representations and
operators result in transmission matrices with different spectral properties. To illustrate, I
show eight different ways to connect 64 genotypes by mutation, ranging from a simple path,
to symbol sequences of length 6, 4, 3, and 2, to the complete graph, and show how the spectral
gap of the associated mutation matrix increases for this series. Spectral landscape theory
(Weinberger 1991, Stadler 1992) has produced a variety of results based on the relationships
of 1) fitnesses to the 2) mutational eigenvalues and 3) mutational eigenvectors. Here I present
new results showing that the asymptotic rate of growth of a quasispecies is an increasing
function of the eigenvalues of its mutation matrix. In addition, a lower bound is found which
increases with the alignment between fitnesses and the eigenvectors with largest eigenvalues.
A principal open question most relevant to evolutionary computation is how the spectral gap
of the quasispecies, which determines its rate of convergence from an initial state, depends
on these three properties: fitnesses, mutational eigenvalues, and mutational eigenvectors.
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