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Summary. The theory of fitn ess landscap es has been develop ed to provid e a suit­
able mathem atical framework for study ing the evolvability of a vari ety of complex
systems. In evolutionary computation t he notion of evolvability refers to the ef­
ficiency of evolutiona ry search . It has been shown that the structure of a fitness
landscap e affects the ability of evolut ionary algorithms to search. Three charac­
teristics sp ecify the structure of landscapes. These are the landscape smoot hness,
ruggedness and neutrality. The interplay of these charac te ristic s plays a vital role in
evolutionary search. This has motivated the appearance of a vari ety of t echniques
for studying the st ructure of fitn ess landscap es. An important feature of these tech­
niques is that they charac terize the landscapes by their smoot hness and ru ggedness ,
ignoring the existence of neutrality. Perhaps , the reason for t his is that the role of
neutrality in evolut ionary search is still poorly understood.

In this chapte r som e recent results on the sp ectral prop erties of the algebraic
structures of fitn ess landscapes are summarized to provide a basis for studying the
landscape structure. This approach is further employed to int roduce an information
analysis that characte rizes the st ruc t ure of fitn ess landscapes in terms of their
smoot hness , ruggedness and neutrality. The find ings are finally applied in a study of
the fitn ess landscap es generated by evolving digital circuits using an idealized model
of a field-programmable ga te array. The landscapes of this engineering problem ar e
quite different from many recent ly st udied landscapes that te nd to be defined over
simplified combinatorial and optimization problems. T he difference originates from
the genotype representation that is a configuration defined over two completely
different alphab et s. This makes the st udy of t he corres ponding landscapes much
more involved. It is shown that the circuit evolution landscap es are product s of
subspaces with different characteristics. T hey are landscap es with vast neutrality
and sharply differentiated plateau.
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1 Introduction

The notion of a fitness landscap e being a collect ion of genotypes arranged in
an abstract metric space was introduced by Wright [1J. A fitness landscap e
has been defined as a space in which each point is a genotype assigned with a
value, and two genotypes are adjacent if one can result from the other after a
single mutation. Wright's original intent was to visu alize biological evolut ion
as a population flow on a surface in which the alt it ude level of a point quali­
fies how well the corresponding organism is adapte d to it s environment. The
fact that evolut iona ry adaptat ion can be considered as a walk on a landscap e
implies the importance of developing a suit abl e mathematical framework for
st udying the features of landscap es referred to as landscap e t heory. In evo­
lutionary computat ion the t heory of landscap es has it s own history. Related
work can be traced back to studies on the genoty pe epistasis [2,3], schemata
and deception [4-9], landscap e modality [10,11], landscap e ruggedness [12­
15]. Various aut hors have considered t hat the st ructure of landscapes affect s
the ability of evolut iona ry algori t hms to search [1 2,16-18J. Further, Jones [19]
proposed a mod el of landscap es genera l enough to represent a variety of mu­
t ation and recombination landscap es. A fitn ess landscap e has been defined on
a graph for which each vertex consists of one or more configurations, and two
vertices are connected by an edge if the configurat ion(s) from one of these ver­
ti ces are obtained by applying the move operator to the configurat ion(s) from
the other . Consequently the number of configurat ions in a vertex is specified
by the nature of the move operator. For inst an ce, the vertices of mutation
spaces are single configurat ions while those of "two parent" recombination
spaces are all possible pairs of configurat ions. A maj or problem associated
with the model above is the difficulty in studying the similarities of muta­
tion and recombination spaces [20J . Work on the mutation recombination
isomorphism approach can also be found in [21 J.

A model of landscap es was given in the algebraic (graph) theory of land­
scap es outlined in [22 ,20J. In this model t he landscap e underlying structure
is a hypergraph in which each vertex is a configurat ion, and each hyperedge
is the set of all configurat ions that can be obtained by applying the move
operator to a configurat ion. To const ruc t a recombination space the model
employs P-structures [23,24J t hat are mappings of pairs of configurat ions to
the hyp eredges of the hypergraph associate d with this space . The fitn ess
landscap e results from the combinat ion of the following obj ects:

1 A set of configurations that are often referred to as genotypes.
2 A cost function that evaluates the configurat ions, known in evoluti onary

computat ion as a fitness fun ction .
3 A topological st ruc t ure t ha t allows relations within t he set of configura­

t ions.

The set of configurat ions consists of the encoded elements of the "search"
space . The relationship between the configurations is defined by a move op-


