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We describe a 200VAogm =2 time randomized algorithm that estimates the number
of feasible solutions of a multidimensional knapsack problem within 1 1 ¢ of the exact
number. (Here r is the number of constraints and n is the number of integer variables.)
The algorithm uses a Markov chain to generate an almost uniform random solution to the
problem.

1. Introduction

An instance of the multidimensional knapsack problem in n variables is defined by a
non-negative r x n integer matrix A4, a vector d € Z", and a vector b € Z'. We assume, to
avoid trivialities, that all components of b and d are positive. The set of feasible solutions
K is then

K={xeZ"|Ax<bh, 0<x<d}. )

We will assume, without loss of generality, that d; < min; bi/a;j. Let dmax = max;d;. In
particular, if dmax = 1, we have the zero-one multidimensional knapsack problem, and if
r =1 we have the knapsack problem. The optimization problem consists of finding the
maximum value of a given linear function over K. This is known to be NP-complete, even
for r = 1 and zero-one variables. The counting problem seems to be even harder. This
asks for |K|. This problem is #P-complete, again even for r = 1 and zero-one variables.
Markov chains have been successfully used to approximately solve several #P-complete
problems [1, 2, 3, 4, 6, 7, 10, 12, 14]. In all of these problems the running time of
the algorithm is polynomial in problem size and relative error. On the other hand, the
general zero-one permanent still resists polynomial time approximation, though Jerrum
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