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Research in computational complexity during the last twenty years has clearly rellealed that 
there are definite limits to what is feasibly computable and that many problems of p(actical 
importance exceed these limits. The long-term goal of our research is to contribute to the 
development of a comprehensive quantitative theory of computing that will make it possible 
to identify problems that are not feasibly computable and ascertain how much computing 
work is needed to solve various types of problems that are feasibly computable. Some of 
the most outstanding problems of computer science today are directly related to this quest. 

Our current research is focused on the structure of classical complexity classes which are 
defined by bounded computation time or bounded memory (such as PTIME, NPTIME, 
PSPACE, EXPTIME, NEXPTIME, and EXSPACE). In this area, we have discovered very 
interesting relations between the "density" of problem sets to be solved and the behavior of 
corresponding classes of higher complexity. The main features of complete sets in 
complexity classes such as those listed give unity to this research area and make possible 
an elegant characterization of the computational complexity of each class. We have shown 
that these features have direct analogs for "sparse" or "thinned-out" problem sets. This 
permits a reduction in the size of the classic complete problems if one deals with sparse sub
classes of the problems from NP, PSPACE, etc. 

Recently, we have begun to investigate the information-theoretic complexity of finite 
objects with generalized Kolmogorov tests , which measure how far and how fast a finite 
string can be condensed without losing any of the information encoded in the original string. 
We are particularly interested in the connection between the Kolmogorov complexity of the 
descriptions of problems from a given class and the computational complexity of the 
solutions to these problems. Our initial results have revealed interesting connections 
between the information-theoretic complexity of problem descriptions and the difficulty of 
their computational solution-and this, in turn , is directly related to the structure of the higher
complexity classes. Study of the information-theoretic (or Kolmogorov) complexity of finite 
objects has already provided a new viewpoint for the formulation of problems in computa
tional complexity , and this has contributed new avenues of proof and new techniques for the 
presentation of results. We expect that this research wil l continue to yield insights into the 
nature of computation. 
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