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Description of the Research

In recent years it has become apparent that there are many classes of problems for which there appear to be no "good" algorithms (i.e. computational procedures) for their solution by computer.  It appears that any algorithm will require an unreasonable amount of computer time for some reasonable size problem instances of the given class. By this we mean that the amount of computer time can grow exponentially with the size of the problem instance. For such problems, which are usually called "intractable" (or NP-complete), although we cannot hope to find "good" algorithms, it is, however, possible to find algorithms which require only a reasonably small amount of time for "almost all" problem instances, i.e. for all but a very small proportion of such problem instances. Alternatively, it may be possible to find "good" algorithms, which work correctly in "almost all" cases but very occasionally "give up" or give an incorrect answer.

Many important combinatorial problems are NP-complete or NP-hard and it is therefore unlikely that there exist algorithms for such problems whose worst-case time is polynomially bounded. One approach to such problems is to consider some random distribution of instances of the problem and to try to find algorithms whose expected computation time is polynomial or for which the computation time is "almost surely" polynomial (i.e. the probability that the computation time is polynomial tends to 1 as the problem size tends towards infinity). One specific such problem which is under investigation in this research is the existence and finding of Hamiltonian cycles in graphs. Of particular interest is the case of sparse random graphs, and we have recently shown that imposing lower bounds on the vertex degrees leads to positive results for graphs substantially sparser than otherwise. The methods utilised can also be used to obtain bounds on the expected cost of certain random travelling salesman problems.
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